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THE USE OF HYDROXYQUINOLINE, STRYCHNINE AND 
BRUCINE FOR THE GRAVIMETRIC ESTIMATION OF VA¬ 
NADIUM, AND OF QUINOLINE FOR THE SEPARATION OF 
VANADIUM FROM CHROMIUM 

by A. jlLEK and V. VICOVSKY. 

Vanadium can be precipitated from a solution of alkali vanadates 
by mercurous nitrate according to Rose, 1 ) or from a solution, acidified 
feebly with acetic acid, by lead acetate sccording to Roscoe,-) or 
by ammonium chloride in the form of ammonium metavanadate, ;l ) 
not mentioning other less familiar reagents. By the method of Rose 
the alkali vanadate is precipitated by a solution of mercurous nitrate 
as far as possible neutral. The precipitate is filtered, washed with 
water containing a few drops of mercurous nitrate, burnt and ignited 
to vanadium pentoxide. This method gives good results, but the 
poisonous mercury vapour escaping, when the precipitate is burnt, 
is troublesome. In the method of Roscoe, lead acetate is used for 
precipitation of the alkali vanadate, weakly acidified with acetic acid; 
however, the lead vanadate formed has no constant composition, and 
therefore it is dissolved after thorough washing in a small amount 
of nitric acid; the lead is separated as lead sulphate and the vanadium 
determined in the filtrate by evaporating the water and sulphuric acid, 
and igniting to vanadium pentoxide. The results are good, but the 
process is a little slow. The last method of precipitating vanadium 
as ammonium metavanadate gives inaccurate results, owing to a rather 
considerable solubility of the precipitate. 

In order to get rid of the disadvantages mentioned, we tried to 
use some organic reagents giving insoluble precipitates with the alkali 
vanadates. We obtained good results with o-hydroxyquinoline, brucine, 
strychnine and quinoline, especially when vanadates have to be 
separated from chromates. 

*) Rose: Hatidb . d, anal Chem . 6 Atifl., p. 346. 

*) Roscoe: Joum, Chem . Soc* 1871, 9, 28. 

3 ) Berzelius: /, pr, Chem . 1856, <59, 388. 
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Estimation of vanadium by means of o-hydroxyquinoline. 

For the experiments a solution of sodium vanadate was prepared 
by dissolving about 12 grs of A r a 8 V0 4 .16 I1 2 0 (Merck p. a.) in 1 litre 
of distilled water. From the solution thus prepared 25 ccs were meas¬ 
ured off, diluted to about 100 ccs with distilled water and precipitated 
in the known way by mercurous nitrate, in order to find the titer 
of the prepared solution. Simultaneously different amounts of the 
sodium vanadate were measured off, for the precipitation of which 
a 4°/o solution of o-hydroxyquinoline in glacial acetic acid was used. 

Carrying out the estimation: The solution of sodium vanadate 
is diluted to about 100 ccs with distilled water, heated to boiling and 
precipitated by a moderate excess of a 4% solution of ^-hydroxy- 
quinoline acidified with acetic acid. A black precipitate is formed 
which after a short time settles down, the solution becoming yellow, 
due to excess of the o-hydroxyquinoline. After cooling the precipitate 
is filtered off (filter Schleicher and Schull, white band), washed 
thoroughly with hot water, and after drying burnt together with the 
filter in a porcelain crucible and ignited to vanadium pentoxide. The 
results obtained with this method are summarized in Table 1, where 
also the results obtained by precipitating with mercury nitrate are 
given for comparison. 
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00248 

00138 

4- 0-0002 

+ 00002 

4. 

00374 
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5. 

00501 
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6. 
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0-0620 

00347 
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7. 

00618 

0-0346 
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8. 

00748 
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+ 0-0003 

9. 
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0-0560 
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to. 

0-1237 

00693 

0-1240 

00694 

— 0-0003 
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seen from the table the method gives very good results 
^eous for its simplicity. 
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Estimation of vanadium by means of strychnine nitrate. 

Alkali vanadates give with strychnine nitrate, after acidification 
of the solution with a few drops of acetic acid, a yellow precipitate. 
The reagent was prepared by dissolving 2 grs of strychnine nitrate 
in 100 ccs of distilled water. 

Carrying out the estimation: The solution of alkali vanadate is 
diluted to about 100 ccs with distilled water and precipitated by about 
10 ccs of the strychnine nitrate solution. The solution is stirred by 
a glass rod and acidified moderately by about five drops of acetic 
acid. The yellow precipitate thus formed settles down very slowly, 
and therefore it is best to let the beaker with the precipitate stand 
for several hours on a cool place (profitably overnight). Only after 
a complete sedimentation the precipitate is filtered as in the former 
method and washed with a solution containing 5 ccs of the original 
strychnine nitrate solution and three drops of glacial acetic acid in 
100 ccs of distilled water. The precipitate is burnt along with the 
filter and ignited to vanadiumpentoxide. The results obtained are 
given in Table 2. 


Table 2. 
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1. 0 0124 00069 

2. 00248 0 0138 

3. 00248 0 0138 


By precipitating 
with strychnine 
nitrate found 

i/rs r a <4 iji\i I 

00121 0 0067 

00246 0-0137 
00243 00136 


Difference Remark 


///•.< KA 

— 00003 

— 00003 

— 00005 


<;/■« V 


— 0-0002 
— 00001 
0-0002 


The precipi¬ 
tate formed 
stood on a 
cool place for 
28 hours. 


As is seen, the results are also here in accord with those obtained 
by the method of Rose. 


Estimation of vanadium by means of an acetic acid 
solution of brucine. 

Alkali vanadates give a yellow precipitate with an acetic ac<d 
solution of brucine. The reagent was prepared by dissolving 2 grs 
of brucine in 20 ccs of glacial acetic acid and diluting with distill*- 
wafer to 100 ccs. The precipitate is washed by a liquid cor* 

10 ccs of the original brucine solution in 500 ccs of di?*'dissolving 

.uer of distilled 



4 


Carrying out the estimation: The alkali vanadate solution is diluted 
to about lOOrrs with distilled water and precipitated by a moderate 
excess of the acetic acid solution of brucine. The yellow precipitate 
thus formed settles down only slowly and it is therefore advisable 
to let the precipitated solution stand on a cool place for a longer 
time. After a complete sedimentation the solution is filtered as before 
(filter Schleicher and Schuli, blue band) and washed with the solution 
indicated above. The precipitate is then burnt with the filter and 
ignited to vanadium pentoxide. The results obtained are summarized 
in Table 3. 


Table 3. 
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2. 

100 ccm 

0-0025 

00014 
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0-0008 
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— 0-0006 

3. 

50 ccm 

0-0074 

0-0041 

0 0066 
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- 0-0008 

— 0-0005 

4 

100 ccm 

00074 

00041 

00065 

00036 

— 00009 

— 0 0005 

5. 

150 ccm 

0-0124 

0-0069 

00113 

00063 

— o-ooi 1 

— 00006 

6. 

150 ccm 

0-0124 

0 0069 

00118 

0-0066 

— 0-0006 

— 00003 

7. 

150 ccm 

00124 

0-0069 

00115 

00064 

— 0-0009 

- 0 0005 

8. 

100 ccm 

0-0248 

0-0138 

0-0242 

00135 

— 00006 

- 0 0003 

9. 

100 ccm 

00620 

00347 

00612 

00342 

— 00008 

— 0-0005 


None of the hitherto mentioned organic reagents could be used for 
the estimation of vanadium in the presence of chromium. The separation 
of vanadates from chromates is considerably difficult, and except 
volumetric methods there exists no gravimetric one which would 
make possible the separation of both elements by a simple precipit¬ 
ation. This circumstance lead us to a search after a reagent which 
could be used for this purpose. The o-hydroxyquinoline, brucine, 
strychnine, quinine and quinidine turned out to be useless, because 
the first three reagents precipitated both elements simultaneously, and 
the remaining ones gave with the alkali vanadates too soluble preci¬ 
pitates. A suitable reagent proved to be the synthetic quinoline, the 
acetic acid solution of which gives a yellow precipitate with alkali 
vanadates. Merck’s quinoline prepared from tar precipitates also 
' alkali vanadates, however, it cannot be used for their separation 
i 0 >r °mates, because it contains generally impurities which preci- 
r des also at the same time. The reagent was prepared 



by mixing 10 ccs of the synthetic quinoline with IQccs of glacial 
acetic acid and adding distilled water up to 100 ccs. The washing 
liquid was prepared by giving 4 ccs of this solution to 96 ccs of 
distilled water. 

Carrying out the estimation: The solution of the alkali vanadate 
is diluted with distilled water to about 100 ccs and precipitated by 
the acetic acid solution of quinoline. The yellow precipitate formed 
settles down slowly and must be left therefore standing for a longer 
time on a cool place, until the sedimentation is complete. If it is fil¬ 
tered too soon, it goes through the filter. The filter used was again 
Schleicher and Schiill’s blue band. After washing with the liquid 
indicated above and drying, the filter and precipitate are burnt and 
ignited to vanadium pentoxide. The results obtained are given in 
Table 4. 

Table 4. 
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00005 
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50 

2, 

0-0124 

00069 

00116 

00065 

— 0-0008 - 

- 0-0004 

18 

100 

3. 

00124 

00069 

00117 

00065 

— 0-0007 - 

- 00004 

20 

100 

4. 

0-0248 

0-0138 

00243 

0-0136 

0-0005 - 

- 0-0002 

16 

100 

5. 

0 0248 

00138 

00245 

00137 

-0-0003 - 

-o-oooi 

16 

100 

6. 

00496 

0-0277 

0-0489 

0-0274 

- 0 0007 - 

- 00003 

16 

100 

7. 

0-0496 

0-0277 

00491 

0-0275 

00005 - 

- 0-0002 

28 

100 

8. 

00620 

0-0347 

00612 

00342 

00008 - 

- 00005 

21 

100 

9. 

0-0620 

00347 

00615 

0-0344 

— 00005 - 

- 0 0003 

24 

100 


As is seen from the table, the results obtained by precipitating 
with the acetic acid solution of quinoline are somewhat lower, but 
the difference is within limits which do not prevent the practical 
use of this method. An especially valuable property of quinoline is, 
that it makes possible the separation of vanadates from chromates 
by a simple precipitation. 

Separation of vanadates from chromates by acetic 
acid solution of quinoline. 

The solution of potassium dichromate was prepared by dissolving 
5-6 grs of Merck’s preparation (pro analysi) in one liter of distilled 
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water. The titer of this solution 
was ascertained partly by preci¬ 
pitating with mercurous nitrate, 
partly by means of ammonia after 
a preliminary reduction with sul¬ 
phurous acid. In both instances 
the precipitate was burnt and 
ignited in a stream of hydrogen 
to chromic oxide. 

In 25 ccs of the solution of 
potassium dichromate described 
above 0*0731 grs of Cr»0,\ were 
found by precipitating with mer¬ 
curous nitrate, and 0 0742 grs of 
Cr 2 0 ;i by precipitating with am¬ 
monia after reduction with sul¬ 
phurous acid. 

Carrying out the separation: 
The solution containing the alkali 
chromate and vanadate is diluted 
to about 100 ccs with distilled 
water and precipitated cold by 
the acetic acid solution of quino¬ 
line. The precipitated solution is 
left standing on a cool place 
for a longer time (preferably 
overnight) and is filtered after 
complete sedimentation through 
a Schleicher and Schiiirs filter, 
blue band. The precipitate is 
then washed with a liquid con¬ 
taining 4 ccs of the original re¬ 
agent and QOrrs of distilled water, 
until it is completely free from 
chromates. After drying, the pre¬ 
cipitate is burnt along with the 
filter and ignited to vanadium 
pentoxide. 

The filtrate is acidified with 
a mineral acid, reduced by a satur¬ 
ated solution of sulphurous acid, 
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the excess of sulphur dioxide is boiled out, ammonia added in mode¬ 
rate excess, and the solution is heated, until the chromic hydroxide 
formed is agglomerated. The solution is filtered through a Schleicher 
and Schiill’s filter, white band, the precipitate washed with hot water, 
dried, burnt and ignited in a stream of hydrogen to chromic oxide. 
The results obtained are summarized in Table 5. (See p. 568.) 

Summary. 

Vanadium can be estimated by precipitating a solution of alkali 
vanadate by an acetic acid solution of o-hydroxyquinoline. The pre¬ 
cipitate is washed with hot water, dried, burnt and ignited to vanadium 
pentoxide. Also strychnine, brucine and quinoline can be used for 
estimating vanadium. Quinoline can be used also for separating va¬ 
nadium from chromium. In this instance the solution of the alkali 
vanadate and chromate is precipitated by an acetic acid solution of 
quinoline. The precipitate thus formed is changed by ignition to 
vanadium pentoxide. The filtrate is reduced by sulphurous acid and 
the chromium precipitated by ammonia as chromic hydroxide which 
is burnt and ignited in a stream of hydrogen to chromic oxide. 

Institute of analytical chemistry, 
Faculty of Chemico-technological Engineering 
of the Ccske vysoke uceni technicke, Brno. 



SOLUBILITIES AND ACTIVITY COEFFICIENTS OF SILVER 
SULPHATE IN CERTAIN SALT SOLUTIONS 

by J. B. CHLOUPEK and VL. Z. DANES.*) 

The recent advances in the theory of strong electrolytes empha¬ 
sized the importance of exact determinations of the solubility of dif¬ 
ficultly soluble salts in the solutions of other electrolytes. 1 ) 

It is easy to see that the character of the experimental determi¬ 
nations, the choice of the concentration ranges etc. will differ from that 
of the anterior investigations, whose aim was chiefly analytical. The 
amount of exact data for theoretical considerations is, therefore, not 
too great. 

The present work is chiefly concerned with the determination of 
the activity coefficients of silver sulphate in solutions of some strong 
electrolytes, and their comparison with the theoretical values calcu¬ 
lated by means of the Debye-Hticket equation. 2 ) From the pre¬ 
vious investigations 3 ) bearing on this subject only the work of 
Harkins 4 ) is utilisable, the necessary specific gravity data being also 
available. The scope of his work is limited, however, only to the 
very dilute solutions, his results are not sufficient for a systematic 
study of the properties mentioned with concentrations varying bet¬ 
ween wider limits. There are, moreover, several discrepancies in the 
solubility data of the earlier authors. All these considerations led us 
to the study of the salt mentioned above. As to the working out of 
the direct experimental values, the exact methods of G. N. Lewis 5 ) 
seemed indicated. They may be briefly summarized thus: The activity 
of the dissolved substance in the presence of the corresponding solid 
phase is a constant. 

In the expression: 

JF—F — F 0 — RTlna* 

<i 2 signifies the activity of the salt, AF is the change of the partial 
molal free energy (the thermodynamic potential), F\ is the part. mol. 

*) Presented before the Ceskd Akademie Ved a Umenl (Czech Academy of 
Science and Arts) Dec. 13th, 1931. 
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free energy for the chosen standard state (where a„ = 1), F is the 
same quantity for the salt in question (or, the chemical po¬ 
tential). The strong electrolytes in aqueous solutions are practically 
entirely in the form of ions; it is necessary, therefore, to take into 
consideration their ionic activity, if an electrolyte forms according to 
the expression: X — X + (- v X , v — v -|- i> + ions, then one may 
put a]J. + . a j — a 2 , (« 2 ) '. , where a , is the mean ionic activity. 

The quotient of the mean ionic activity and the molal concen¬ 
tration of the electrolyte is the quantity designated by Lewis and 
Randall as the mean activity coefficient of the electrolyte, defined 
thus by means of the activity coefficients of the ions: 


The mean activity coefficient of the salt is expressed as follows: 

-■ + - ('/'.j- denotes mean molality of the ions). 

In a solution in equilibrium with the solid phase « 2 and are 
constants, and do not change by adding another electrolyte. As both 

y, ~- ]± and «+ are constants, the activity coefficient of the “satu- 

* iii-i- 

rating salt” (i. e. salt identical with the solid phase) depends indi¬ 
rectly only on the “brutto” molality of its ions, notwithstanding any 
isothermal changes taking place in the solution. The ‘‘brutto” (or 
“analytical”) molality comprises all the ions in the solution (without 
any regard to the “dissociation” or intermediary ionisation), inasmuch 
as they are identical with the ions of the saturating salt, even when 
their origin is in the added salt. Another conception of importance 
is that of the “ionic strength". 

It is defined according to L e w i s and Randal I,' ) by the expression 



where z signifies electrical charge of the ion, and m its stoichio- 
metrical concentration. The activity coefficient of any given strong 
electrolyte has an identical value in all the (sufficiently dilute) solu¬ 
tions of the same ionic strength. The practical procedure of conver¬ 
ting the experimental data in activity coefficients is as follows: 

Plotting the J 'u values as abscissae, and the values as 

ordinates, one can easily see that the activity coefficients are directly 
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proportional to the ordinates, and the quotients formed from these 
with the ordinate extrapolated for ]> — 0 give directly the activity 
coefficients of the salt in question. 

Experimental part. - The preparation of pure 
substances. 

The reason why we have chosen the silver sulphate as the satu¬ 
rating salt, is the relative facility with which one is able to obtain 
a very high degree of purity with that substance 7 ). In order to en¬ 
hance the value of our results, two preparations obtained by two 
different methods of purification were used for the solubility determi¬ 
nations. (Designated below as I and II.) 

I. Commercially “pure” silver (99 8°/ 0 A;/), was dissolved in hot 
cone, sulphuric acid (“Merck” manufacture), the resulting acid silver 
sulphate hydrolysed by hot water in excess, decanted, filtered by 
suction on a sintered Jena-glass funnel, and heated to 400° C. 

Analytical tests 8 ) failed to reveal any impurities. 

II. Silver of the purity aforesaid was dissolved in nitric acid and 
the resulting salt precipitated by an excess of the same acid'-’) and 
filtered off. After redissolving in a great quantity of water, A;/(!l was 
precipitated in the cold, by dilute hydrochloric acid. Then followed 
several decantations with cold water (in order to preserve the volumi¬ 
nous form of Af/CI) and a digestion, during several days, with aqua 
regia. The well-washed silver chloride was then reduced to silver by 
formaldehyde and caustic soda on the water-bath. The grey metallic 
silver was thoroughly washed, filtered off and redissolved in nitric 
acid. The whole series of operations was repeated four times. The 
final silver nitrate solution contained only traces of sodium (from 
caustic soda) and a subsequent reduction by means of the formiate 
of ammonium furnished a crystalline product free from this impurity. 
Then followed a prolonged digestion by NH, t (in order to remove 
the traces of AyCI), a thorough washing with hot water and, after 
dissolution in pure redistilled sulphuric acid, the precipitation of silver 
sulphate. This final product was well freed from all traces of the acid, 
and, after careful drying in a dust-free atmosphere, heated as above. 

All the other salts used were recrystallised (twice at least) from 
pure three-times-distilled “conductivity” water, made and preserved 
with the usual precautions. After drying they were kept in an de¬ 
siccator, and, if permissible, ignited in an electrical furnace before 
weighing. 
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The apparatus. 

The solubility determinations were carried out in a water thermos¬ 
tat of 120 L capacity, furnished with a toluene regulator of our own 
design (see fig. 1.). The “grid” form greatly facilitates its prompt 
action and diminishes the temperature lag. The temperature 25 00° C 
was thus maintained constant to 0'005° C throughout all our work, 
though the thermostat was uncovered. Its “absolute” value was de¬ 
termined by the use of two precision thermometers with a P. T. R. 






V 



Fig. 2. 


certificate. Its constancy was checked by three Beckmann calori¬ 
metric thermometers. The solutions with the solid phase {At/oSUt) 
were rotated in a device built in the thermostat, and driven through 
a speed-reducing gear, belt and pulley from the A. C. motor which 
also drove the propellers mixing very energetically the water content. 
For the saturation, reagent bottles with well-ground stoppers covered 
with melted paraffin wax, and furnished with a rubber cap, served 
very satisfactorily. In order to ascertain the rate of saturation in pure 
water, several conductivity-time curves were taken. Two hours were 
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found to suffice completely. All the samples were, of course, agitated 
during 12 hours at least. It is important to attain the equilibrium 
from both sides. Some samples were, therefore, saturated previously 
at a higher temperature (30° C) in an auxiliary thermostat, and then 
cooled down to 25° C in the main vessel. The silver sulphate always 
crystallised very readily, and supersaturation was never observed. 
The samples were then carried over, without leaving the thermostat 
at all, into a special holder placed in it, and allowed to settle. The 
solution was drawn off in a filtering pipette of our own make (see 
fig. 2.). Its essential features are: The filtering material, consisting in 
a laboratory-made disc of sintered German soft glass fused to a pi¬ 
pette of the same glass, and a side-bulb destined to receive the first 
portions of the filtered solution (possibly, though not probably, al¬ 
tered by adsorption). 

The solutions were prepared by direct weighing, and the con¬ 
centrations are in mols per 1000 gs (i. e. 55 51 mols) of water. 10 ) 
The corrections to vacuum weight were always made. The samples 
of the solutions in equilibrium were also weighed (to 1 mg, the total 
weight being appr. 100 g). The most important analytical operations 
consisted in the determinations of the silver content. The form 
chosen was that of At/Br, and the procedure was according to 
T. W. Richards. 11 ) 

The experimentalresults. 

The solubility in the pure water was determined with both sam¬ 
ples of the silver sulphate, for the solubility in the salt solutions only 
the sample II was taken. 

Table 1. 

Solubility of the silver sulphate in water (25° C). 

Concentration in mM. (»-- millimols defined above). 



.l0,N<Vl 

26-886 

26-886 

26-894 

26-885 

26-894 

26-889 

26-888 

26-884 

26-890 

26-885 

26-890 

26-886 (mean values) 


The mean value of the solubility for both samples is: 

26-888 mM. 
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H a r k i n s’ value being 26 - 85 mM the difference is only 0 038 mM ., 
i. e. 0'14°/o, a very good concordance in the solubility measurements. 
Hence the percentage solubility of A(/ 2 SO t is 08315 p. c. (25° C). 

Table 2. 

Solubility of -A// 2 >S'0 4 in solutions of Potassium Sulphate. 

(25° C). 



■ i>i,sO t 

Harkins’ 

U 

Activ. 

Number 

Max. deviat. from 

in M. 

in M. 

values 

coeff. 

of det. 

the mean value 

001 

0 025759 

0 02565 

01073 

0-596 

4 

0-4 

002 

0025016 

002500 

0135 

0563 

4 

04 

005 

0024218 

0-02419 

0-223 

0-487 

4 

0-5 

01 

0 024301 

002426 

0-373 

0409 

4 

0-5 

02 

0-025861 

— 

0-678 

0-324 

4 

0-6 

05 

0 03266 

— 

1-598 

0-207 

4 

0-8 

sat. 

0-03737 


2191 

0170 

5 

0-9 



The solubility of Ag 2 SU,. 
Extrapolation curve. 
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The exactitude of the determinations lessens with the growing 
concentration, the filtration of the samples being more difficult on 
account of the formation of fine suspensions of A<j«S0 4 . Also the 
influence of the growing adsorption of ArjBr, and of its more pro¬ 
nounced solubility, gained in importance. The numbers in the 3 rd 
column are results of a graphical interpolation of Harkins’ data 
for the concentrations used in our work. The activity coefficients 
in the last column were determined by means of the extrapolation 
mentioned above (see fig. 3.). 

The extrapolated value of * for Vu — 0 is the same for all 

HI ± 

three solutions (K 2 S0 4 , [NII 4 ).>S0 4 and KNO H ) and equals 36*8. 

By forming the quotients of a determined by this number the 

corresponding activity coefficients were obtained. The solubilities of 
the silver sulphate were also determined in the solutions of potassium 
nitrate and ammonium sulphate. 


Table 3. 


Solubility of At/ 2 S0 4 in solutions of Ammonium Sulphate. 



A, h S0 4 


Activ. 

Number 

Max. deviat. from 

in M 

in M 

u 

coeff. 

of det. 

the mean value 

0-01 

0025810 

0107 

0-595 

3 

03 

0-02 

0025083 

0-135 

0-562 

3 

0-2 

0-05 

0024269 

0-223 

0-486 

3 

04 

o-i 

0024315 

0-373 

0-409 

4 

0-7 

0-2 

0 025642 

0-677 

0-323 

4 

07 

0-5 

003092 

1-593 

0-215 

4 

0-8 

10 

003950 

3-119 

0-146 

4 

10 


Table 4. 


Solubility of A(/ 2 S0 4 in solutions of Potassium Nitrate. 


A .VO., l.7 a > s '0| 

in M in M 

003 0-029463 

0-06 0 031368 

0 !5 0036396 

0-6 0-05284 
1-5 007645 


Harkins’ 

(l 

va lies 

002940 0-118 

0-03128 0-154 

0259 

— 0759 

- 1-729 


Activ. Number 
coeff. of (let. 

0581 4 

0546 4 

0-470 4 

0328 4 

0224 5 


Max. deviat. from 
the mean value 

0-5 

0-6 

0-5 

11 

1-4 
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In the above three tables g. signifies the total ionic strength. 

The concordance of the Harkins’ results with our values is very 
satisfactory when we take into consideration that a temperature 
deviation of only 0-1° C makes a difference of 0 08°/ o in the solubility 
of silver sulphate in pure water. The concentrations of the potassium 
nitrate solutions were chosen threefold in order to make the ionic 
strength of these solutions as near as possible to the ionic strength 
of the salts 2:1. 


Discussion of results. 

The activity coefficients are interpolated for equal ionic strengths 
and are shown in the following table. 


Table 5. 


The activity coeff. for Ag.,S0 4 in these solutions: 


/' 

K 2 sO t 

6V//,),nu, 

h'XO, 

v for A'. V S ’0. t 

(Lewis and Randall) 

003 

0766 

0-766 

0-766 

0*687 

005 

0704 

0704 

0-704 

0*630 

o-i 

0-610 

0610 

0-610 

0*557 

02 

0-499 

0 499 

0-502 

0471 

03 

0-438 

0438 

0448 

0421 

05 

0363 

0-363 

0-377 

— 

07 

0-316 

0-320 

0-333 

— 

10 

0267 

0-273 

0-288 

— 

1-5 

0-213 

0-223 

0-240 

— 

2-0 

0179 

0-190 

0208 

— 


The tabulated activity coefficients of the silver sulphate are evi¬ 
dently too high, this salt having its coefficients near to those of the 
alkaline salts, (for /i = 0'1 corresponds to ;• KNO :l 0'732, and 
y Af,NO lt = 0-723). 

The discrepancy can be easily explained by the circumstance that 
the extrapolation is already not too sure for a salt whose solubility 
is relatively not negligible as is the case with Ag»S0 4t the distance 
of the last experimental point of the curve from the y-axis being 
already too great to permit an exact estimation of the course 
of the curve and its point of intersection with the axis mentioned. 
A way out of this difficulty is the following 13 ): one can suppose 
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with reason that y.^o, approximates yg a so. in a very dilute solution 
(given the great resemblance of the two salts). The quotient ——~ 

^Ajj ‘SO4 

_ 1 _ 

for dilute solutions is very near to 1 and for the expression — —- 
there is a certain limiting value identical for the infinite dilution with 

1 [rxys’o, then equals 1], It suffices, therefore, to make the following 

m £ 

diagram: — as abscissae with j> as ordinates; the curve approxi- 

mates to a straight line for the higher dilutions; and hence we can 
obtain, with sufficient accuracy, the point corresponding to the gre¬ 
atest dilution. 



Fig. 4. 

The activity coefficients of A(j> 


Table 6. 



m ± for A, h SO, 

7 for K,AO, 

i 

00806 

23-43 

0-580 

40-9 

0107 

21-92 

0-549 

39-9 

0*135 

2070 

0-459 

451 

0-223 

17-91 

0-396 

45-3 


The final value of the expression for the infinite dilution 

yK.,so, 

was taken to be equal to 41-0. 
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Table 7. 


Recalculated values of the activity coefficients for . 



r -V/jSp, 

7 T'/a*", 


0- e w i s and Randal I.) 

tt 

in A\m>, 

ill (A7/<),sO, 

in A'.YU, 

;• for h\S() l only 

0-03 

0098 

0-698 

0-698 

0-687 

005 

0634 

0-634 

0-634 

0-630 

0T 

0-543 

0-543 

0-547 

0-555 

02 

0-448 

0-448 

0-453 

0-471 

03 

0-395 

0-395 

0-403 

0-421 

05 

0-329 

0-329 

0-341 


07 

0286 

0-286 

0-299 


1-0 

0-242 

0-246 

0-257 


1-5 

0193 

0-200 

0-218 


20 

0162 

0171 

0-187 



The activity coefficients calculated on the assumption of the equal 
value of the coefficients for both salts are already quite satisfactory. 
There is a possibility of further slight improvement of the results, by 
taking the value for a solution yet more dilute with respect to An 
than the saturated silver sulphate solution, the method just descri¬ 
bed giving the better results the greater the dilution of the solution 
considered and, therefore, the nearer the values of the coefficients of 
both salts. It is necessary of course to extrapolate, and the course 

of the curve can be foreseen even for u (H)6, where —■ equals 

n M- 

-1- I 1 

24-9 and "‘T _ 40 8, or for f < 0-03 - 28-3. and ! 41*2. 

yh\so t ‘ a/j. 

Both values thus obtained corroborate the accuracy of the num¬ 
ber 41 taken as the basis for the table just given. The activity coef¬ 
ficients of A;i i SO i in the solutions of A'.« s '0i and (2V// 4 ). : N0 4 differ 
only in the concentrations greater than 1*0 «, whereas in the KN0 a - 
solutions discrepancies appear much sooner. These facts can be ex¬ 
plained on the basis of Broensted’ principle of the “specific ionic 
interreaction”. 13 ) According to this principle, only the cation content 
decides the value of the solubility of a difficultly soluble salt in so¬ 
lutions of electrolytes having an anion in common with it. K and 
NHi resemble each other very much, and the equal solubility value 
for silver sulphate in both solutions is easily explained. 

The potassium nitrate has a different influence on the solubility, 
not having any ion in common; on the other hand, the interionic for¬ 
ces are responsible for an even greater rise in its value. The activity 
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coefficient of silver sulphate is also greater in this solution, according to 
L e w i s’ rule, that the y of an electrolyte is greater in the presence of an 
electrolyte whose y is also greater. His principle of the independence 
of the activity coefficients is very well in accord with our results. 

It is also interesting to apply the Debye-Huckel equation to 
our activity coefficients. 

Its well-known form is: 



Where h and // are constants, is the electrical charge of the 
ions, v, the numbers of the ions, u' ionic strength, a the diameter of 
the ions in angstroms. 

In order to ascertain the concordance for the very dilute solutions 
(where the equation is of the greatest value), the activity coefficients 
for the higher dilutions were extrapolated by means of the curve 
for the logarithmic function of y with respect to I The Debye- 
Huckel equation was used to calculate all the whole diameter 
values from 0 to 5 angstroms. 


Table 8. 



Jill 

1 

l) 

1 

2 

7 

\ 


0 0006 

0950 

0 940 

. 

0*945 



0-947 

0001 

0-934 

0-930 


0-931 



0-933 

0-003 

0-888 

0880 


0-883 



0-889 

001 

0-809 

0-792 

0-796 

0-801 

0-809 

0-813 

0-819 

0*02 

0*744 

0-722 

0-734 

0-743 

0*746 

0-760 

0-770 

0*03 

0-698 

0669 

0-683 

0696 

0-708 

0-720 

0 731 

0-05 

0-634 

0-594 

0-616 

0-635 

0653 

0669 

0-684 

0-1 

0-543 

0-480 

0-514 

0-544 

0-572 

0-595 

0-616 

0-2 

0-448 

0352 

0-403 

0-447 

0-485 

0-519 

0-548 

0-3 

0-395 

0-279 

0-347 

0-392 

0-436 

0-476 

0-510 

0’5 

0-329 

0-193 

0-263 

0-352 

0-379 

0-426 

0466 

0-7 

0-286 

0-143 

0-217 

0-284 

0-343 

0-395 

0 440 

ro 

(V242 

0-098 

0-173 

0-245 

0-309 

0-365 

0-414 

15 

0-193 

0058 

0-131 

0-206 

0 272 

0-336 

0-388 

2-0 

0162 

0037 

0106 

0-181 

0252 

0-316 

0-371 


In this table only the values of the activity coefficients of Af/. 2 ^0 4 
in K„&o 4 solutions are tabulated. The accord with the Debye- 
Hiickel equation is very good; this being probably by chance, 
since, for the higher concentrations, the theory does not apply with 
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rigid accuracy. For the ionic diameter results we obtain a value near 
to 2 A; the ordinary values are a little higher, approx. 3 A. But even 
for A<f itself it equals 1, and therefore we see that our value is in 
accord with it, the corresponding “ionic diameter” of the Debye- 
Hue k e I equation being only meant as a mean value resulting from 
the effect of all ions of the salt. 

S u m m a r y. 

1. An exact determination of the solubilities of silver sulphate in 
water and aqueous solutions of potassium sulphate, ammonium sulphate 
and potassium nitrate from 0 08 to 2 ionic strength lias been made. 
The temperature was 25-00" ± 0 02" C. 

2. The mode of preparation of the pure substances necessary for 
this work is briefly described. 

3. A description of a new type of thermoregulator and of a filter¬ 
ing pipette with a sintered glass disc for taking samples of the 
solutions is given. 

4. From the solubility values the activity coefficients were calculated, 
and compared with the data obtained by means of the Debye- 
Hiickel equation. 

Physicochemical Laboratory, 

Faculty of Chemico-technological Engineering 
of (he Ccskc vysokc umit icchnickc, Prague. 

R e f e r e n c e s: 

') V. K. La Mer and I . H. Hold man : ./. Am. Chan. Soc. 53, 47% 19.51. 

-) P. I)ebye-L. HTicket: Fhys. 7. 21. 183, 1923. 

') A. M. Coiney-I). A. H a li n : Dictionary ot chemical solubilities inorganic 1*121. 

') W. L>. Harkins: /. Am. Chcm. Sor. 33, 1812, 1011. 

') G. N. Lewis:./. Am. Chan. Soc. 34. 1(>3L 1912. 

") G. N. Lewis-M. Randall:./. Am. Chcm. Soc. 43. 1112, 1921. 

’) T. W. Richards-L. W. Jones: 7. Anorg. Chcm. 5*5, 78, 1007. 

*) A. Riidisule : Nachweis, Best ini noun: mid Tremnmg d. chem. F. lemente. T. 2. 

“) T. W. Richards: 7. A nor". Chan. 47, 56, 1903. 

" J ) O. N. Lewis: ./. Am. Chan. Soc. 28, 158, 1906. 

“) T. W. Richards: ExperiinentelleUntersnchungen ueber Atomgewichie 1W. 

u ) G. N. Lewis-M. Randall: Thermodynamics and the free energy of che¬ 
mical substances. 1923, p. 357. 

'- 1 ) I. N. Broensted: J. Ain. Chem. Soc. 46, 535, 1924. 



NOTE ON THE QUANTITATIVE DETERMINATION 
OF BROMINE IN ORGANIC SUBSTANCES 

bv FERDINAND SCHULZ. 

In this journal ( Collection , 3, 281, 1931), 1 published a paper on 
the quantitative determination of bromine in highly brominated hydro¬ 
carbons, like hexabrombenzene, pcntabromtoluene and hexabrom- 
naphthalene, by a modified Stepanov’s method replacing ethyl 
alcohol in the reaction by butanol. 

Professor M. L. Palfray, in the lnstitut Catholique de Paris, has 
kindly called my attention to the fact that he applied the same method, 
with equally accurate results, in determining bromine in the deriva¬ 
tives of monobromometaxyienol. 

The paper, in collaboration with Miss D. Sonntag, was published 
in Bulletin de la Societe chimique de France 47, 118 (1930), and 
has been overlooked by me in quoting the references. 

Received Jan. 23rd, 1932. 

Front the Fuel Technology Institute 
Faculty of Chemico-technological Engineering 
of the Ceske vysoke uceni technicke, Prague. 



SUR LA PREPARATION DES TRIMETHYLNAPHTALENES 
A PARTIR DU 2.6-DIMETHYLNAPHTALENE 


par V. VLSI:I \ et F\ ST URSA. 

(Execute avec I’aide de la Masarykova Akademie t’race.j 

Le present travail avait pour hut de reprendre I’etude des trimethyi- 
naphtalenes dont un certain nomhre a ete obtenu lors de la degra¬ 
dation des corps naturels. On arrive tacilement a ces hydrocarbures 
en introduisant un groupe methyle dans les dimethylnaphtalenes. 

Comme produit de depart nous a servi pour le moment le 2.6-di¬ 
methylnaphtalene, mis en vente par la Gcsellschaft tur Teervcrwer- 
tungc a Duisburg-Meiderich (Allemagnc) a I’etat chimiquement pur. 
Quant a (’introduction du troisieme groupe methyle dans Ic novau 
naphtalenique, nous I’avons effectuee de deux manieres differentes. 
L’une consiste a partir d’un derive halogene, et de dedoubler 
I’halogenure de dimethyl-naphtylmagnesium sous faction du sulfate 
methylique. 

Ce mode operatoire nous a per,mis d’obtenir le 1.2.6-tnmethyi- 
naphtalene, prepare deja par A. Baeyer et V. Viliiger 1 ) par reduc¬ 
tion du l-bromomethyi-2,6-dimethylnaphtalene. Pour effectuer cette 
preparation, nous avons sounds le 2.6-dimethylnaphtalene a la bro- 
muration, et nous avons obtenu, a cote du l-bromo-2. 6-dimethyl¬ 
naphtalene I. un derive dibrome II, dans lequel le second atome de 
brome occupe, avec toute probability, la position 5. En remplayant 
dans le corps monobrome I l'atome d’halogene par le groupe methyle, 
nous sornmes arrives au 1.2 . 6-trimethylnaphtalene III. l.’identitc de 
cet hydrocarbure au trimethylnaphtalene de Baeyer et Viliiger 
demontre en meme temps que dans le derive monobrome 1 le brome 
occupe la position 1. (Voir p. 25.) 

En essayant, d’autre part, d’arriver au meme derive brome en 1 pat- 
action de Cu. 2 Bi 2 sur l’l-amino-2.6-dimethylnaphtalene diazote, nous 
avons pu constater qu’il ne se forme dans cette reaction que le 
2.6-dim6thylnaphtalene. 



H, >■ 



/' \ ^ 

v:/* 





rC 

,/ 

\ 

/ 

/ 

\ 


/ 

\ 


£ 


\ / 

/ fc \ 

IS 



f 



. .03 

^ tq 
© © 


\ 








t 



/ « \ 





23 


Pour obtenir le 2.6.8-trimethylnaphtalene, nous nous sommes 
servis de la niSthode employee par Fries et Hiibner 2 ) dans la 
preparation du l-methyl-2-miphtol. En sulfonant le 2.6-dimethylnaph- 
talene a 70—80 ( ’ d'apres Weissberger et Kruber, ,; ) nous avons 
obtenu I’acide 7-sulfonique IV qui, par fusion avec la potasse, nous 
a fourni le 2.6-dimethyl-l-naphtol V. Ce corps a etc transforme, sous 
Faction de la formaldehyde, en dihydroxy-tetramethyl-dinaphtylmethane 
VI dont la reduction fournit un melange de 2.6-dimethyl-7-naphtol 
V et de 2.6.8-trimethyl-7-naphtol VII. Lorsqu’on soumet ce dernier 
corps a la distillation avec la poudre de zinc, il se transforme en 
2.6.8-trimethylnaphtalene VIII. Toutefois, le distillat contient encore 
une proportion considerable de 2.6-dimethylnaphtalene dont la pre¬ 
sence ne peut etre due qu’au dedoublement du trimethylnaphtalene. 
Pour nous en convaincre, nous avons fait passer les vapeurs du 
2.6.8-trimethylnaphtalene sur de la pierre ponce melangee de poudre 
de zinc et chauffee an rouge faible, et nous avons pu constater qu’il 
se forme, ici encore, le 2.6-dimethylnaphtalene. Ce resultat nous 
a conduit a rep£ter la meme experience sur le 1.2.6-trimethylnaphta- 
lene; nous avons trouve que cet hydrocarbure perd dans ces conditions 
egalement un groupe methyle avec formation de 2.6-dimethylnaphta¬ 
lene. Par contre, le l-methylnaphtalene ainsi que le 1.6-dimethyl¬ 
naphtalene se sont months stables ati rouge. En raison de la presence 
de ces deux hydrocarbures dans le goudron de houille ce fait ne 
saurait etonner. 

Les resultats de nos experiences nous conduisent a supposer que 
dans les naphtalenes plus que deux fois methyles les methyles oc¬ 
cupant les positions a ne sont que legerement fixes sur le noyau 
naphtalenique. S’il en etait vraiment ainsi, le goudron de houille ne 
pourrait contenir que des tri- et t£tramethylnaphtalenes methyles ex- 
clusivement en (i. 

Pour verifier cette pinion, il nous aurait fallu essayer la stability 
du 2.3.6-naphtalene au rouge. Malheureusement, nous n’avons pas 
reussi, jusqu’ici, & preparer ce trimethylnaphtalene. En effet, ayant 
transforme le 2.6-dimethyl-7-naphtol V en naphtylamine IX, et celle- 
ci en derive monobrome X, nous nous sommes en vain efforces de 
remplacer I’halogene par le methyle; le dedoublement de I'halogenure 
de dim£thyl-naphtyl-magnesium au moyen de sulfate methylique n’a 
fourni que le 2 • 6-dimethyl-naphtalene. 

Nous avons enfin prepare quelques derives du 2.6-dimethyl- 
naphtalene qui n’£taient pas connus jusqu’ici. Par nitration nous en 
avons obtenu le derive nitr€ en 1, prepare pour la premiere fois par 
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F. Mayer et E. Aiken,") et par reduction de ce dernier la naphtyl- 
amine XII, decrite egalement par ces auteurs. En rempla^ant le groupe 
amino par Poxhydryle, nous avons obtenu le 2.6-dimethyl-1-naphtol 
XIII. Le derive acetyle de Famine XII nous a fourni, dans la nitration, 
le 2.6-dimethyl-1-acetamino-4-nitro-naphtalene XIV. Nous en avons 
confirme la constitution en le ramenant 4 la diamine XV qui se laisse 
facilement oxyder avec formation de la dimethylnaphtoquinone XVI, 
presentant les proprietes caracteristiques d’une quinone para. L'acetyl- 
nitramine XIV a ete transformee d’une part en 2.6-dimethyl-4-nitro- 
1-naplitol XVII et, d’autre part, par elimination du groupe ac£tamino, 
en 2.6-dimethyl-4-nitronaphtalene XVIII; ce dernier corps nous a donn6 
la naplitvlamine XIX et le naphtol XX. 
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Partie experimentale. 

Bromuration du 2.6-dimethylnaphtalene. — Une solution de 40 gr 
d’hydrocarbure dans 50 gr de sulfure de carbone est additionnee, dans 
1’obscurite, goutte a goutte, de 44 4 gr de brome; on chauffe au 
bain-marie, a reflux, jusqu’a ce que le degagement de HBr ait dis- 
paru. Apres evaporation du solvant par distillation, on obtient une 
hu*le qui se solidifie bientbt en partie. Le produit solide est separe 
de 1’huile par essorage, et cristallise deux fois dans la benzine de 
petrole bouillant a 120"; le corps est en aiguilles incolores apiaties, 
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peu solubles dans l’alcool, fondant a 160/161°. Rendement W gr. La 
teneur en brome montre qu’il s’agit d’un derive dibrome. Les deux 
atonies d’halogene occupent la position «, etant donne que le corps 
ne reagit pas avec le malonate d'ethyle sode. 4 ) Ayant constate que le 
derive monobrome I presente le brome en position 1, il nous semble 
tr6s vraisemblable que notre derive dibrome represente le 2.6-dimethyl- 
1 . 5-dibromonaphtalene 11. 

Dosage de brome: 

Substance 0-1747 gr, A</B> 0*2083 gr. 

Calcule Hr 50-74" „. 

Trouve 1Hr 50-95%. 

Apres la separation du derive dibrome il reste tine liuile que Ion 
soumet a une distillation sous pression reduite. Cette operation fournit 
15 gr d’un produit de tete distillant sous 8 mm If<i jusqu’a 177°, 
tandis qu’il passe entre 177—180" 26 gr de l-bromo-2 .6-dimethyl- 
naphtalene I buileux qui se prentl bientot en aiguilles incolores, fon¬ 
dant & 33 34°. Elies sont abondamment solubles dans I'ether de petrole 
et dans I’acide acetique, moins solubles dans I'alcool metliylique dans 
lequel elles se lais>ent facilement cristalliser. 

Dosage de brome: 

Substance: 0'1778 gr, A<ilir D* 143i> gr. 

(\.lf u /lr: Calcule Hr 34-01" ... 

Trouve Hr 34*37° „. 

1.2.O-Trimet hylnapht alenc III. — Le bromure de 2.6-dimethyi- 
1-naphtylmagnesium est transforme, par action de sulfate dimethylique, 
en trim6thylnaphtaiene de la maniere que nous avons d^crite a propos 
de la preparation du 1.5-dimethylnaphtalene. ■) 12 gr de derive mono¬ 
brome 1 nous ont fourni, dans cette operation, 15 gr de 2. 6-dimethyl- 
naphtalene et 5*4 gr d’une huile qui donne avec la quantite equi- 
vaiente d’acide picrique un picrate en aiguilles orangees, fusibles 
a 122/123°. Ce point de fusion concorde exactement avec celui du 
picrate de 1. 2.6-trimethylnaphtalene obtenu par Baeyer et Vi Niger 
en reduisaut le l-bromomethyl-2.6-dimethylnaphtalene au moyen de 
la poudre de zinc en presence de IK’f alcoolique. En dedoublant le 
picrate par le carbonate de sodium, on obtient I’hydrocarbure en lamelles 
fondant a 14°. 

Analyse du picrate: 

Substance 0T023 gr. Nj 10 XaOH 2 85 cc. 

C,,,//, 7 0 7 i\V Calcule 57*4% d'acide picrique. 

Trouve 57*6“ 0 d’acide picrique. 
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Acide 2.6-dimethylnaphtalene-sulfonique IV. — La sulfonation du 
2.6-dimethylnaphtalene a ete operee de la maniere d6crite par 
R. Weissgerber et O. Kruber. 0 ) Comme il ne s’agissait que de la 
preparation de 1’acide sulfone en 7, nous avons modifie la methode 
de ces auteurs de la fa^on suivante: 110 gr de dimethylnaphtalene broye 
sont introduits a 70—80" dans 120 gr de // 3 ,S’0 4 a 98%,. Lorsque la 
masse, primitivement epaisse, devient iiquide, on ajoute, en deux por¬ 
tions egales, 100 gr de If„S0 4 a 90%, et on chauffe dans le meme 
vase, plonge dans un bain d’huile, pendant une heure et demie 
a 140—150°. On peut ensuite faire subir au produit de la reaction 
deux traitements diff6rents. L’un, le plus avantageux, consiste k ajouter 
suffisamment d’eau pour que le melange reactionnel renferme 30% en¬ 
viron de ILSOi. Apres refroidissement, il se depose l'acide 7-sulfoni- 
que libre que I’on transforme en son sel de sodium. D’autre part, 
on peut diluer le melange jusqu'a 10° „ de IL,SO t et separer le sel 
sodique de l’acide sulfoconjugu£ par precipitation avec le sel marin. 
Toutefois, dans ce dernier cas, il est necessaire de recristalliser le sel 
sodique une fois encore dans I’eau. L’acide 7-suIfonique libre est en 
lamelles nacrees, fusibles a 171/172°; son sel sodique forme egale- 
ment des lamelles nacrees. Rendement en sel sodique 120 gr. 

2.0-Dimethyl-7-naphtol V. — La fusion du sel de l'acide 7-sulfonique 
a ete operee d’apres les indications de Weissgerber et Kruber.**) 
Le naphtol obtenu fondait a 173/174", done k la temperature donnee 
par ces auteurs. 

2.2'.6.()'■ Tetramelhyl-7.7'-dihydroxy-8.S'-dinaphtylmethane VI. — 
20 gr de 2.6-dimethyl-7-naphtol sont dissous dans 600 cc d’acide 
acetique a 50% bouillant; la liqueur est additionnee, a chaud, d’abord 
de 4’3 gr de formaldehyde du commerce d 40%, et, apres quelques 
minutes, de 12 - 5 cc d’acide chlorhydrique concentre. Le melange se 
prend bientot en une bouillie contenant de fines aiguilles I6gerement 
rosatres. On $6pare les dernieres par essorage, on les lave k l’eau, 
et on les cristallise dans Palcool ou dans la benzine de petrole; ainsi 
purifiees, elles sont incolores et fusibles & 231°. 

Analyse: 

Substance 0 2050 gr, CO 2 0-6332 gr, H 2 0 0-1380 gr. 
C»//»0 S : Calcule r 83‘8%, H 7-2%. 

Trouve C 84-2%, II 7-5%. 

2.6.8-Trimethyl-7-naphtol VII. — Nous avons opere la reduction du 
corps precedent, d’apres Fires et Hiibner, 2 ) comme suit: 12 gr 
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de tetram&hyl-dihydroxy-dinaphtylmethane VI sont dissous a chaud 
dans 950 cc de lessive de soude & 4%; on ajoute 13 gr de poudre 
de zinc, et on chauffe h reflux sur une toile m^tallique pendant 8 
heures. Le corps VI se dedouble alors en trimethyl- et en dimethyl- 
naphtol. Apres refroidissement, on ajoute 12 gr de formaldehyde, 
et on laisse reposer le tout pendant la unit & la temperature ordi¬ 
naire. Le dimethylnaphtol est alors d nouveau transforme en derive 
de dinaphtylmethane qui, apres addition de 5 gr de poudre de zinc 
et apres 8 heures de chauffage, subit un nouveau dedoublement en 
tri- et dimethylnaphtol. On repete les deux operations deux fois en¬ 
core, en ajoutant chaque fois la demi-quantite theorique de formalde¬ 
hyde avec la dose correspondante de poudre de zinc. Pour lui en- 
lever le reste de dimethylnaphtol, on additionne le melange de quelques 
gouttes de formaldehyde; on separe enfin le zinc et le tetramethyl- 
dihydroxy-dinaphtylmethane par filtration. En acidulant le filtrat avec 
de I’acide chlorhydrique concentre, on pr£cipite le trimethylnaphtol brut, 
colore en rouge brunatre. Par ebullition repetee avec de I’acide aceti- 
que a 5“ on le debarrasse des traces de dimethylnaphtol, apres 
quoi on le cristaliise dans I’acide acetique a 70"avec decoloration 
a la carboraffine. On obtient ainsi le 2.0.8-trimethyl-7-naphtol en 
longues aiguilles incolores, facilement solubles dans I’ether de petrole, 
dans la benzine de petrole et dans I’alcool, fondant a 106 107°. 

Analyse: 

Substance 01707 gr, ('() 0’5258 gr, !1U O’11 S3 gr. 
r t:t ll u O : Calcule r 83’8%, // 7’5"/„. 

Trouve C 84’0%. 11 TT 

2.6.8-f 1 . 3 . 7-)Tfimethylnaphtalhic X1H. - Pour obtenir cet 

hydrocarbure, nous avons soumis le naphtol precedent a la distillation 
avec la poudre de zinc. En suivant le mode operatoire de E. Fischer, 7 ) 
nous avons procede comme suit: Des fragments de pierre ponce de 
la grosseur de grains de pois, ont d’abord ete humectes d’eau, puis 
m6Iang6s avec de la poudre de zinc, et enfin desseches pendant 5 
heures a 150°. La pierre ponce ainsi prepare a ete employee dans 
un tube 4 combustion mont6 de la maniere suivante: Dans la partie 
ant£rieure on place une couche de 15 cm de ponce a qui suit d’abord 
une colonne contenant un melange de 3 gr de trimethylnaphtol avec 
20 gr de poudre de zinc, et ensuite une nouvelle couche de 30 cm 
de ponce. L’autre bout du tube, de 15m environ de long, reste vide. 
Le tube est place dans une grille it combustion. En laissant passer 
un lent courant d’hydrogfcne, on chauffe d’abord les deux couches 
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de ponce; apres avoir port6 ces parties au rouge sombre, on 
commence a chauffer le melange de trimethylnaphtol avec le zino» 
Les vapeurs sortant du tube se condensent en un liquide jaune 
qui, par extraction a la lessive de soude a 5est d£barrass£ du 
trimethylnaphtol inaltere. Apres un jour environ, I’huile restante laisse 
deposer des cristaux qui se montrent identiques au 2.6dim6thyl- 
naphtalene. Lorsqu’on separe cet hydrocarbure par essorage, il reste 
une huile qui ne se laisse pas solidifier. Melangee avec de I’acide 
picrique elle donne un picrate fondant a 143/144°. Sa teneur en 
acide picrique montre qu’il s'agit du 2.6.8-trimethylnaphtalene. 

Analyse du picrate: 

Substance O'1393 gr, XI 10 XuOIl 3 85 cc. 

-N : . : Teneur en acide picrique calculee 57 - 4"/ n . 

Teneur en acide picrique trouvee 57 - 8%. 

2.6- Dinu ! thyl-7-aminonaphtalene IX. — 25gri\e 2.6-dimethyl-7-naph- 
tol V sont chauffes, a l'autoclave anime d’un mouvement de rotation, 
avec 105 gr de sulfite d’ammonium aqueux a 22et 220 gr d’ammonia- 
que concentree, pendant 6 heures a 250°. Le produit reactionnel est 
separe par essorage, puis entraine, en presence de NaOlT, par la 
vapeur d’eau. L’amine obtenue cristallise dans I’alcool en aiguilles 
incolores, fondant a 134 135°. Rendement 18 gr. 

Dosage d'azote: 

Substance 10 456 mgr, X 0*84 cc (28°, 736 nun). 

<\.J[ V ,,N : Calcule X 8-2" 

Trouve .V 8 - 4°/ (1 . 

Le 2.6-dimcthyl-7-ac(’taminonaphtalene cristallise dans I’acide aceti- 
que en aiguilles incolores, fondant a 233/234°, 

Dosage d’azote: 

Substance 19-975 mgr, X L30 cc (25°, 734 mm). 
r u H u OX: Calcule X 6*6°/„. 

Trouve X 6‘9°/ 0 . 

2.6- Dimethyl-7-bromonaphtal'etie X. — On obtient ce corps en di- 
azotant la 2.6-dim£thyl-7-naphtylamine et en d£doublant le diazoTque 
obtenu an moyen de bromure cuivreux. Cristallise deux fois dans 
l’alcool, le dimethylbromonaphtalene fond a 138/139°. 

Les eaux meres renferment une certaine quantity de 2.6-dimethyl- 
naphtalene forme dans cefte reaction. 



Dosage de bronie: 

Substance (VI408 gr, An Iir 011 20 gr. 

C v J1 n Hr: Calcule Hr 34-04° „. 

Trouve Br 33-85", 

Nos efforts de transformer ce dimethyl-bromonaphtalene en 2.6.7- 
trim6thylnaphtalene sont restes sans resultat. L’action du sulfate 
dimfithylique sur le bromure de dimethylnaphtylmagnesium n’a fourni 
que le 2.6-dimethylnaphtal£ne. 

2.6-Dimcthyl-l-naphtol XIII. — Le 2.6-dimethyl- 1-nitronaphtalene 
XI, prepare d’apres F. Mayer et E. Alken, R ) a ete reduit, par action 
de fer en milieu acetique, en diinethyl-naphtylamine XII. Par diazotation 
de cette amine en milieu sulfuriquc, et par decomposition dti produit 
obtenu au moyen de Il,S () 4 dilue de son poids d’eau, on arrive au 
naplitol XIII qui, purifie par I’entrafnenient a la vapeur d’eau et par 
cristallisation dans la benzine de petrole (bouillant a 120"), forme des 
aiguilles incolores, fusibles a 133". 

Analyse: 

Substance 0 2710 gr, CO, 0 8204 gr, 11,0 01700.gr. 

(\,ll H 0: Calcule (' 83-7"/,,, II 6-9" 

Trouve C 83-5" „, II 7-0" ,,. 

2.0-Dimethyl-4 nitro-l acctaminonaphtalene XIV. Une solution 
cliaude de 30 gr de 2 (i-dim^thyl-l-acetaminonaphtalene dans 250 gr 
d'acide acetique anhydre est rapidement refroidie, de sorte que i’on 
obtient une bouillie renfermant des cristaux tres minces. On ajoute 
14 gr de JINO :i (d --- P525), en ayant soin que la temperature ne 
d£passe pas 40°, et on cliauffe pendant quelques minutes sur le bain- 
marie. La solution limpide abandonne, apres refroidissenienl, des cristaux 
jaunes qui sont essores, puis cristallises dans I’acide acetique anhydre 
ou dans l’alcool. La nitroac£tnaplitalide obtenue est en aiguilles jaunes, 
fusibles a 260°. 

Dosage d’azote: 

Substance 9‘98 mgr, X 0 98 cc (26°, 734 mm). 

C U II U 0,,N,: Calculi .V 10'8 u / 0 . 

Trouve N 10-9%. 

Le 2.6-dinitihyl-4-nitro-l-aminonaphtalene obtenu par chauffage 
de son derive acetyle XIV avec de I’alcool et de 1’acide chlorhydrique, 
cristallise dans le benzene ou dans 1’alcool en aiguilles brunes, fondant 
k 194/195°. 
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Dosage d'azote: 

Substance 9-762 mgr, N 120 cc (27°, 740 mm). 

Calcule M 12-9%. 

Trouve N 12-9%. 

2.6- Dimethyl-4-nitro-l-naphtol XVII. — Ce corps a ete obtenu 
a partir de la nitramine precedente. Le remplacement du groupe amino 
par I’oxhydryle a ete effectuee de la faqon d^crite a propos de la 
preparation du dimethylnaphtol XIII. Cristallise dans I’acide acetique 
avec decoloration a la carboraffine, le naplitol XVII forme des aiguilles 
jaunes, fusibles a 137/138". 

Dosage d’azote: 

Substance 20 027 mgr, N 1*19 cc (26", 734 mm). 
r V2 ir n 0-,N: Calcule X 6-5% 

Trouve N 6*3°. „. 

2. 6-Dimethyl-l. 4-diamlnonaphtalene XV. — Nous avons obtenu 
cette diamine en partant de la nitramine correspondante, et cela par 
reduction au moyen de SnlJL, et IK'l concentre. La base cristallise 
dans la benzine de petrole (bouillant a 100—110°) en aiguilles incolores, 
fondant a 134/135". 

Dosage d’azote: 

Substance 10-235 mgr, 1 V 146 cc (27", 737 mm). 

; Calcule N 15*0° „ 

Trouve N 15"0° 0 . 

2 . 6- Dimethyl-l .4-naphtoquinone XVI. — Nous avons opere i’oxy- 
dation de la 2.6-dimethyl-l .4-diamine XV d’une maniere analogue 
^ celle decrite par Fries et Lohmann a propos de la preparation 
de la 2-methyl-1.4-naphtoquinone. La solution de 1'hydrochlorure 
de la diamine dans l’acide acetique anhydre est additionnee de FeCl R 
dissous dans le meme solvant. On porte a I’ebullition, et on entraine 
par la vapeur d’eau la quinone obtenue. Le corps est en aiguilles 
jaune citron, fondant a 136/137°; son point de fusion concorde 
exactement avec celui de la 2.6-dimethylnaphtoquinone obtenue par 
Baeyer et Villiger 1 -*) lors de I’oxydation de I’acide 2.6-dimethyl- 
1-naphto'ique, et par Weissgerber et Kruber, 10 ) par oxydation 
du 2.6-dimethylnaphtaiene au moyen de CrO s . 

2.6- Dimethyl-4-nitronaphtalene XVIII. — Ce corps a ete prepare 
en diazotant la 2.6-dim6thyI-4-nitro-l-naphtylamine et en dedoublant 
le sel de diazonium par 1’alcool. Le produit obtenu a ete entratne 
par la vapeur d’eau et cristallise dans Palcool methylique; il est en 
aiguilles jaunes, fondant it 84/85°. 
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Dosage d’azole: 

Substance 16*517 mgr, N 11 2 cc (27°, 740 mm). 

C n Ff u 0.,N: Calcule X 7*0°/,, 

Trouve X 7*1°/„. 

2.(>-Dime/hyl-4-aminonaphtalenc XIX. — Nous avons obtenu cette 
amine par reduction du derive nitre au moyen de fer en milieu 
ac6tique. Purifiee par distillation a la vapeur d’eau et par cristallisation 
dans lather de petrole, elle est eri aiguilles incolores, fusibles a 93/94°. 

Dosage d'azote: 

Substance 11’895 mgr, N 093 cc (20", 740 mm). 

Calcule X 8*2«/„ 

Trouve X 8'3" „. 

Le 2. b-dimethyl-4-acFtaininonaphtalene cristallise dans l’acide ace- 
tique en aiguilles incolores, fusibles a 207 208°. 

Dosage d’azote: 

Substance 15 301 mgr, X 098 cc (28", 736 mm). 

<\Jl xr ,OX: Calcule N 6*6% 

Trouve N 6-7", 0 . 

2.6-Dimethvl-4-naphfol XX. — Ce corps a etc obtenu a partir de 
Famine correspondante de la maniere decrite a propos de la prepa¬ 
ration du 2.6-dimethyl-l-naphtol. Cristallise dans I’ether de petrole, 
il fond a 105/106°. II lie montre pas de depression du point de fusion 
avec le 2.6-dimetliyI-4-naphtol obtenu d’apres Weissgerber et 
Kruber') a partir de I’acide sulfonique correspondant. 

Laboraioire de Chimic organique 
a I'F.cole Polytechnique /cheque <lc Brno 
(Tchccoslovaquic). 
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SUR LES BIS-HALOGENOETHYLAMINES. II. 

par V. PRELOG et G. J. DRIZA. 


Dans noire memoire anterieur’) nous avons monlre que I’action 
du cyanale de potassium sur les hydrohalogenures des bis-/t-halogeno- 
ethyles donne naissance a des hydrohalogenures cristallises de formule 
empirique ('JL/JNJflu . H Il'h/, auxquels nous attribuions la consti¬ 
tution d’hydrohalogenures de 2-imino-3-/f-halogenoethyloxazolidines(l). 
II est vrai qu’on peut £galement leur assigner la structure tautomere 
d’halogenures de 2-amino-3-/Mialogenoethyloxazolinium (II). La stabi¬ 
lity relativement grande de nos corps vis-a-vis des acides mineraux 
parlerait en effet en faveur de celte formulation.-) 

De meme que chez les autres 2-iminooxazolidines on ne saurait, 
ici non plus, decider d’une maniere convaincante laquelle des deux 
formulations tautomeres est preferable. 

Bien plus que vis-a-vis des acides mineraux, les hydrohalogenures 
de 2-imino-3-/f-halogenoethyloxazolidines se inonfrent sensibles vis- 
a-vis des hydroxydes aicalins en solution aicooiique. Sous I’action de 
1 molecule d’alcali aicooiique il ne se forme pas l’oxazolidine libre 
mais un melange de corps dont aucun n’a pu etre isole a l’etat cris- 
tallise. Nous avons et£ plus heureux en faisant agir 2 molecules 
d’alcali aicooiique sur 1 mol. d’hydrobromure de 2-imi n 0 - 3 -/ 1 - brom o- 
ythyloxazolidine. Des produits de cette reaction nous avons extrait, 
sous la forme du picrate peu soluble dans 1’alcool, une base nouvelle, 
exempte de chlore. Le dit picrate C n II u OnNr, possede I’interessante 
propria de fournir de \’acetaldehyde sous Faction des acides dilu£s, 
ce qui fait voir qu’il s’agit lit, d’un derive de la vinylamine, tres rare 
celle-ci. Lorsque le produit obtenu de notre picrate par I’acide brom- 
hydrique £tendu est chauffe a 180° (en tube scell6) avec de l’acide 
bromhydrique fumant, il y a formation de bromure dammonium et 
d 'hydrobromure de bromoethylamine que l'on identifie sous la forme 
de son picrate. Ces faits s’expliquent le plus facilement en admettant 
pour le picrate la formule soft 111, soit IV, c’est-a-dire celie d’un se| 
de 2-imino-3-vinyl-oxazolidine ou de 2-amino-3-vinyloxazolinium. Ajou- 
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tons que nous donnons la preference a la seconde formule parce 
qu'elle presente un azote pentavalent. 
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Dans les eaux meres apres le dit picrate nous avons elimine 
Facide picrique an moyen de Facide bromhydrique dilue. Le produit 
sirupeux obtenu a ete chaufte ensuite a 180°, en tube scelle, avec. de 
Facide bromhydrique fumant, Du melange d’hydrobromures formes 
nous avons reussi a isoler, par le methanol, deux fractions. L’une 
d’eiles, celle qui etait moins soluble dans le methanol, etait formee 
par le dihydrobromure d'ethylenediamine; 1’autrc, plus facilement 
soluble dans le methanol, de composition (\H Vi N. 2 Br Hf constituait le 
dihydrobromure de JV- fi-bromoethyl-etbylenediamine (V). Traitee par le 
chlorure j^-toluene-sulfonique elle s’est fransformee en bis-p-toluenc- 
sulfopiperazide (VI). Etant donne que le dihydrobromure de A-/>-bromo- 
£thyl-£thyienediamine ne se trouve pas decrit dans la litterature, nous 
Favons, de plus, prepare a partir de la /?-hydroxyethyIenediamine dej& 
connue(VIl) par action d’acide bromhydrique fumant a 180°. Le produit 
ainsi obtenu etait complement identique a celui signale plus haut. 

V By J 7/ 2 - - Cl 4. N!l,Br. OIL - C1L . NIC, hr — 

I — VII IIO. riL—CIL. NIL OIL—OIL. NIL 

1 . 

/ <Hf,—(’H,s 

VI C,I1-S0 ,. N( ";N . SO.,. I '-,11, 

CH t —('H,/ 

La formation des deux produits se laisse interpreter de plusieurs 
manieres. Ainsi, on peut admettre qu’une partie de la 2-imino-3-/f- 
bromoethyl-oxazolidine mise en liberty subit une transposition mole- 
culaireen l-/J-bromo6thyl-imidazolidone-2(VIIl). L’action dela deuxieme 
molecule d’alcali engendrerait le groupe vinyle qui se d£tacherait sous 
forme d’ald^hyde acetique, ce qui expliquerait £galement la formation 
du dihydrobromure d’6thylene-diamine dans les produits d’hydrolyse. — 
II serait egalement facile de comprendre la formation du dihydro- 
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bromure de iV-/3-bromoethyl-£thylenediamine a partir de ces produits. 
D’ailleurs, on peut encore supposer que le groupe bromoethyle se 
fixe sur 1’azote du groupe imino ou amino. Le produit de cette 
addition fournirait par I’acide bromhydrique ais^ment le dihydro- 
bromure de A T -/?-bromoethyl-ethylenediamine. 

La formation du dihydrobromure d’ethylenediamine supposerait, par 
contre, un detachement de bromure d'ethylene qui n’aurait certainement 
pu echapper a notre attention. 

Quant a la l-/?-bromoethyl-imidazolidone-2 supposee comme produit 
intermediate, nous avons essaye de la preparer synthetiquement par 
action d’acide bromhydrique sur la JV-/?-hydroxy6thyl-imidazoIidone-2 
(IX). Et nous avons obtenu ce nouveau corps en faisant agir le car¬ 
bonate d’ethyle sur la 2V r -/J-hydroxy6thyi-£thyIenediamine (X). Toute- 
fois, le traitement par II Hr ne nous a point donne, jusqu’ici, de 
produit crisfallise. 

OIL—Nil 

Vlll j >r 0 

< 'II,. NIL 

X i 

('II.,. Ml 

cn. z -nijm 

Par action de 2 molecules de potasse alcoolique sur I’hydrochlorure 
tie 2-imino-3-/?-chloroethyloxazoIidine nous avons egalement obtenu 
le picrate de 2-amino-3-vinyl-oxazolinium, et des eaux meres apres 
ce sel seulement le dihydrobromure de A^/t-bromoethyl-fthylenediamine. 
Par contre, nous n’avons pu isoler le dihydrobromure d’ethylene¬ 
diamine. 


CIL—NH 
IX | " ">('-(> 

riL—N v. 


4 - co 


\ 


(If,—CII,011 
orjlr, 

OC t U , 


Partie exp^rimentale. 

Action des alcalis alcooliques sur l’hyd robromure de 
2-imino-3-/J-bromo£thyioxazolidine. 

Si on n’emploie qu’une seule molecule d’hydroxyde alcalin on 
obtfent — ainsi que nous I’avons signal^ dans la partie g6n£rale 
de notre m6moire — uniquement des produits sirupeux fournissant 
avec l’acide picrique, comme aussi avec le picrate de sodium, des 
picrates huileux. 
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Picratede2-amino-3-vinyl-oxazolinium ou de 2-imino- 
3-v inyl-oxazolidine. 

39^/" d’hydrobromure de 2-imino-3-/?-bromoethyloxazolidine, dissous 
dans 200 cc d’alcool absolu, sont additionnes, lentement et en melan- 
geant, d’une solution de frbgr de sodium metallique dans 100 cc 
d’alcool a 96%. L’addition terminee, le melange reactionnel estmain- 
tenu pendant quelques heures en ebullition, au bain-marie et a reflux. 

Apres refroidissement, le bromure de sodium separe est ecarte 

par essorage, le filtrat est concentre a la consistance d’un sirop 

auquel on ajoute ensuite une solution concentree chaude de 23 gr 
d’acide picrique dans I’alcool. Le refroidissement du melange fait 
deposer 17 gr d’un picrate fusible a 170". Le produit est purifie par 
cristailisation dans 1’eau chaude, dans laquelle il est peu soluble, et 
fond alors a 178° (non corr.). II est analyse apres dessiccation a 76° 
dans le vide en presence de chlorure de calcium. 

Substance: (V2052 gr; H 2 0 00637 gr, CO., 0-2893 gr. 

6-793 mgr, % l-186cc, (16", 746 mm). 

<\\H u 0*N h i Calcule <’ 38-71°/,,, // 3’22%, .V 20-53°/,,. 

(341-0) Trouve r' 38-46%, // 3-45%, .V 20-24%. 

\2gr de ce picrate ont ete decomposes par un exces d’acide 
bromhydrique, puis chauff£s pendant un temps court au bain-marie, ce 
qui fit apparaitre une forte odeur d 'aldehyde crotonique. L’acide pi¬ 
crique mis en liberte a ete elimine par filtration et par epuisement 
a I’ether. La couche aqueuse a ete concentree dans le vide, le sirop 
residuel a ete chauffe avec de I’acide bromhydrique fumant pendant 
2 heures a 160—200° (en tube scelle). Le produit reactionnel a ete 
etendu d’eau, decolore a la carboraffine, puis concentre a sec dans 
le vide. Le residu cristaliise a et6 repris dans du methanol chaud; 
I’ether pr^cipitait de cette solution de menus cristaux (cubes) fortement 
hygroscopiques qui d£gageaient de I’ammoniac sous Faction des 
lessives alcalines, coloraient le reactif de Nessler et donnaient du 
bromure d’argent par l’azotate de ce metal. C’est ce qui nous fit 
conduce qu’on est en presence de bromure d'ammoniurn. Les eaux 
meres ont ei€ privies de leur bromure d’ammoniurn, autant que 
possible, au moyen d’alcool absolu, puis precipitees par du picrate 
de sodium. Le picrate separ£, recristallise dans I’alcool, fondait vers 
100° (non corr.). 

La dessiccation a 76° dans le vide sur CaCl. 2 fit monter le point 
de fusion <1 129° (non corr.), L’analyse et le point de fusion du pro¬ 
duit s’accordent au picrate de bromoithylamine:•) 
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Substance: llMmgr; N* 1080 cc (15°, 738 mm). 

CJI&NJtr: Calcule JV 15-87%. 

(352*9) Trouve N 1601%. 

Sous l’action de l’acide sulfonique a 33% le picrate de 2-amino- 
3-vinyI-oxazolinium perdait de 1' acetaldehyde. Nous avons pu le recon- 
naitre a son odeur, par la reaction au nitroprussiate de sodium en 
presence de diethylamine, et, enfin, par sa transformation en 2.4 di- 
nitrophenylhydrazone 5 ) qui fondait entre 146 et 147° (non corr.) 
apres recristallisation dans 1’alcool. 

Eaux nieres apres le picrate de 2-amino-3-vinyl- 
oxazolinium. 

Nous les avons concentre au bain-marie, puis, de meme que chez 
le picrate, decompose par un exces d’acide bromhydrique a 20%. 
Apres l’ecartement de 1’acide picrique (par essorage et epuisement 
a Pettier), le residu concentre a ete chauffe, en tube scelle, pendant 
2 heures a 120" puis 4 heures k 180°. Apres I’ouverture des tubes, 
dans lesquels reguait une surpression considerable (GO*), le contenu 
a 6te etendu d’eau, decolore k la carboraffine, evapore dans le vide. 
Le residu cristallise a ete chauffe ayec du methanol, qui laissait non 
dissoute une partie du produit. Ce reste insoluble a ete dissous dans 
de l’eau bouillante et additionne d’alcool. Le melange separa de menus 
cristaux blancs, non fusibles au-dessous de 260°, et dont 1'analyse 
correspond au dihydrobromure d’ethylenediamine. 

Substance (sechee k 56° dans le vide sur (JaCL): 

5-283 mgr-, N 2 0-578 cc (19°, 741 mm). 

G 2 H ia NoBr 2 : Calcule iV 12-62%. 

(221-8) Trouve N 12'47%. 

Par action de picrate de sodium le corps a donne un picrate 
fondant k 234° (non corr.) avec decomposition. La litterature donne 
pour le dipicrate d’ethylenediamine le point de fusion 233—235°. 

Dihydrobromure de 2V-/?-bromoethyl-6thylenediamine. 

II s’est separe par refroidissement de la solution methanolique. 
Purifie par recristallisation dans le meme solvant, il fond k 172° 
(non corr.). Pour 1’analyse, le sel a ete seche k 76° dans le vide 
sur CaCl 2 . 
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Substance: 0i088£r; C0. 2 0 0590 gr, ILO 0-0386 gr. 

0 1779 gr\ AffBr 0'3038 gr. “ 

7-755 mgr; A r a 0 572 cc (13", 743 mm). 

Caicule <714-6%, //3-95%,. #8-52%, 7ir 72-92%,. 

(328-7) Trouve <’14-79%,, Z/3‘95%,, A T 8'61%,, 2?>-72-67%. 

Une solution de ce sel a ete additionnee de chlorure jMoluene- 
sulfonique, puis chauffee au bain-marie et alcalinis6e lentement par 
une lessive a 20% jusqu’i obtention d’une alcalinite persistante. Le 
derive jo-toluenesulfonique, insoluble dans l’alcali, a ete recristallise 
dans beaucoup d’acide acetique anhydre, ce qui a donne de menus 
cristaux fondant & 292° (non corn). Pour l’analyse, le corps a 6te 
seche pendant quelques jours dans le vide en presence de soude 
caustique solide. 

Substance: O'2568 gr; UaSO 4 02007 gr. 

6 730 mgr; % 0-421 cc (24°, 740 mm). 

Caicule S 16-27%, .V 7'10%,. 

(3941) Trouve > 16 03%, N 7'00%,. 

Un produit de contrdle, prepare d’apres Howard et Marck- 
wald, 6 ) presentait les memes proprietes. 

A partir de la jV-/?-hydroxyethyl-ethylenediamine, le cor|)s a ete 
obtenu de la maniere suivante: 110 gr de cette diamine, prepare 
suivant le proc6de Knorr et Browndsoir) ont 6te mis en solution 
par 65 gr d’acide bromhydrique k 48%, puis satur£s a 0° par du gaz 
bromhydrique sec. Le liquide a ete chauffe, en tubes scelles, 1 heure 
& 120°, une autre heure k 160 — 170°. Le contenu des tubes a 6te 
evapore a sec, le residu a ete repris par du methanol chaud, decolore 
a la carboraffine, puis abandonne a la cristallisation. Ces operations 
ont donn6 13 gr d’un produit cristallis6 dont les proprietes et l’analyse 
concordaient avec celles du corps d6crit ci-dessus. 

Dipicrate. — On l’obtient en faisant agir le picrate de sodium sur 
le dihydrobromure. Cristallise dans i’alcool ft 96% chaud, le produit 
se ramollit vers 170° pour noircir vers 230° (non corn). Pour l’analyse 
il a et£ s€ch€ ct 76° dans le vide calcique. 

Substance: 6-545 mgr; N., 1 020 cc (18°, 129 mm). 

C^H^O u N s Br: Caicule N 17-92%. 

(625'9) Trouve N 17-54%. 
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A'-/?-hydroxyethyl-imidazoIidone-2. 

10'5 gr de iV-/?-hydroxyethyl-ethylenediamine et 11*8 gr de carbo¬ 
nate d’£thyle ont 6te chauffes, en tube scell£, 2 heures 4 110° puis 
3 heures k 180°. Le produit reactionnel a 6t6 concentre dans le vide, 
et le r£sidu obtenu a et£ abandonn£ a un endroit tres froid. La masse 
cristalline a ete debarrassee des impuretes goudronneuses sur une 
assiette poreuse. II nous a £te impossible de trouver un solvant con- 
venable pour recristalliser notre produit, de sorte que nous avons du 
l’analyser apres I’avoir simplement desseche & 76° dans le vide calcique. 

Substance: 4'481 mgr; N» 0‘839 cc (16", 738 mm). 

C h H w 0.jJS\: Calcule N 21 •54%. 

(1300) Trouve N 21-48%. 

Le traitement de ce corps par l’acide bromhydrique a 100° (sous 
pression) ne nous a donn€ aucun produit cristallise. 

Action d’alcali alcoolique sur Phydrochlorure de 2-imino- 
3-/J-chloroethyloxazolidine. 

A une solution de 18 gr de ce sel dans 100 gr d’alcool absolu 
on a ajoute d’un seul coup une solution 4'b gr de sodium m£tal* 
lique dans 100 gr d’alcool a 96%. Apres plusieurs heures d’£bullition, 
le chlorure de sodium separe (11 '5 gr) a £te €cart£ par essorage, 
le filtrat a £te concentre dans le vide, et le sirop obtenu a ete pr£- 
cipite par 22 gr d’acide picrique dissous dans de I’alcool chaud. 
Ces operations ont fourni 18 gr de picrate de 2-amino-3-vinyloxazo- 
linium fondant a 168° (non corr.). 

Des eaux meres apres ce picrate on a pu extraire, de maniere 
analogue k celle decrite a propos de Fhydrobromure de 2-imino-3-/i- 
bromoethyl-oxazolidine, 6 5 gr de dihydrobromure de iV-/9-bromo£thyl- 
ethylenediamine, fusible a 172" (non corr.) apr£s recristallisation. 

Laboratoire de la maison O. J . Driza 
Prague- HoleSovice. 
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A PHYSICO-CHEMICAL STUDY OF THE RARE EARTH 

SULPHATES 

by B. BRAUN! R and t. SVACjR.') 

Introduction. 

There is no doubt, that the founder of modern chemistry of 
rare earth elements is Mendeleev 1 ) who by showing that their 
real atomic weights are obtained by the multiplication of the ancient 
values by 1'5 placed several of them in the table of his periodic 
system. This difficult part of inorganic chemistry did not attract 
interest of his contemporaries and it was Brauner 3 ) who in 1878 
tried to place the three elements La , ('<, I)i in the 111, IV and V 
group (8th series). In his experimental study published in 1882 which 
work was undertaken with the aim of studying the rare earth elements 
with regard to their position in the periodic system, he further placed 
terbium in the VI group, samarium in the VII group and the few 
then known elements }"„ in the Ill group, erbium in the V group, 
holmium in the VI group and thulium in the VII group, all in the 
odd ninth series; their series concluded with ytterbium in the (III--10) 
place. No place in the system was given to the elements philippium, 
decipium and mosandrium, as these elements seemed unsufficiently 
defined. 

Historically the proposition of Brauner, to place the elements 
of the rare earths into the ninth series was the first attempt to 
disturb the regularity of the periodic system, for owing to this supposed 
regularity no elements of such basic character ought to be expected 
in the odd ninth series. 

It will be of some historical interest to remember that Mendel e g v n ) 
did not agree with Brauner’s proposal. After the discovery of 
germanium by Winkler in 1886 several chemists recognized in it 
MendglSSv’s “Ekasilicon”, but Mend£16£v in a letter of Febru- 

*) Presented before the Ceska Akadnnie VM a Umeni (Czech Academy of 
Science and Arts) June 5th, 1031. 
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ary 26, 1886 written to Clemens Winkler expressed the opinion 
that it was either “ekaantimony” (A. W. — 160—165) standing in the 
fifth group, ninth series, or more probably “ekacadmium” to be placed 
in the II group of the ninth series (A. W. about 155), for according 
to his opinion the regularity of his System requires that the ninth 
odd series must contain the atomic analogues of the elements: Ag, 
Cd, In, tin, Sb, Te and I, of which however not a single one was 
yet discovered. And yet all chemists agree to-day that Brauner’s 
proposition of 1882 was correct and that the rare earth elements 
forming a group of “asteroids"; La, Ce, Pr Nd, III, tim, Eh, Gd, TO, 
Ihj, Ho, Er, Tn, N Yb and Lu must be placed into the 8, 9 and 
10 series up to the tetravalent “Hafnium”. Mendeleev’s view that 
some of the oxides of the said elements to which we give the formula 
JLO ;< , are in reality Jl.,0 4 , ILO u , l‘. z 0 (i and Jl.,O n and that the elements 
must stand in the higher series, was, unfortunately, not confirmed. 

It is well known that other chemists,after Brauner (1882), namely 
Retgers (1895), Losariic, Steele (1901), Muthmann and Biltz 
(1902) and others have given to the said elements a similar place 
in the system, but they regard all those elements as trivalent, whereas 
C>, Pr, Nd and TO are certainly also tetravalent. 

In order to learn whether the position given by Brauner to the 
rare earth elements between the elements barium and tantalum (better 
to-day hafnium) is correct, we undertook the following experimental 
research. 

Experimental Part. 

The material used: the sulphates which were used in these ex¬ 
periments, except those of scandium, yttrium, terbium, erbium and 
ytterbium were prepared from a material that was freed from other 
earths as completely as possible. 

Scandium. 

Scandium sulphate, tic.,(S < >«).,. 6 II.,0 was kindly presented to us 
by the late Sir William Crookes who prepared it from the mi¬ 
neral Wiikite. His determination of the atomic weight of scandium 
is Sc~ 43‘88. Honigschmid finds with a material prepared by 
Prof. StSrba-Bohm, Sc = 44’15. 

Yttrium. 

A small quantity of yttrium oxide was kindly presented to us 
by Professor O. Pettersson of Stockholm. For the control this was 
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used for an atomic weight determination. 2*1213 of the oxide r a 0 B 
yielded 4*3558/?* sulphate F 2 (;SO.t) a and from this follows the atomic 
weight Y ~ 90*0. It is not absolutely pure, for the real atomic weight 
of Y = 88-925. 

Lanthanum, 

For our experiments the sulphate-enneahydrate, La^{S0 4 ) H . 9 7/ 2 0 
was used, prepared from the purest lanthanum sulphate which yielded 
to Brauner the atomic weight La — 139*04. This was calculated 
from the ratio La 2 0 n : 3 80 n = 57*5843: 42*4157. 

Later on Baxter found from the ratio LaCl 2 : 3 Atj and La(l»:3 AijCl 
the correct number La 138 90. This difference of —0*14 is due 
undoubtedly to the fact that lanthanum oxide, used by Brauner 
was heavier than the real oxide contained in it. 

It was shown by Brauner and Pa v lice k that the sulphate, 
heated to 500° ± almost invariably contains 1) a slight quantity of 
acid lanthanum sulphate or 2) rarely that it is slightly decomposed into 
the basic sulphate. This first error was corrected by titrating the 
acid aqueous solution in the case 1) with w/20 sodium hydroxide 
and in the rarer case 2) with v//20 sulphuric acid. 

A new source of error of the sulphate method was discovered 
by comparing the results of Brauner with those of Baxter taking 
the quantity of LaJ) n = 100 in both cases. We obtain: 

Brauner: La«0 :i : 3 SO :i % 100: 73*658 
Baxter: Lalo n : 3 St% ----- 100: 73*720 

The difference is 0*062 p. c. 

From this calculation follows that the real weight of the oxide 
La 2 0 ;l was in Brauner’s experiments 99*938 instead of 100, or that 
99*938/? of the oxide, on heating and cooling absorbs 0*062 g of 
— probably — oxygen from the air. Therefore 1 g LaJJ ?} is heavier 
by 0*00062 g. 

A similar case was proved by Brauner experimentally in the case 
of the oxide CeO» when this was obtained by analysis. The difference 
obtained between the at. wt. of B r a u n e r and that of H o n i g s c h m i d 
and Zintl viz. 140*25— 140*13 ^ —0*12 and it is identical with that, 
obtained for lanthanum: — 0*14.From this follows that the classical 
method of Bunsen, the conversion of the rare earths R»0 n into the 
sulphates (synthesis) or the sulphates, into the oxides (analysis) is 
contaminated by the following sources of error: 

1. Great hygroscopicity of the anhydrous sulphate obtained gives 
a lower at. weight. 
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2. Slight acidity of the anhydrous sulphate gives a lower at. 
weight. 

3. The oxides absorb on glowing and cooling — probably — 
some oxygen from air and become heavier and the at. wt. becomes 
higher. 

From this follows that the classical sulphate method which serves 
well for the orientation in the processes of fractionation, of the rare 
earth mixtures is far from being perfect for exact atomic weight 
determinations, all the three sources of experimental error having 
been found in our laboratory. 

As Ur bain analyzed the sulphates of the elements Sm, Jin, Gd, 
Tb, l)tj, Yb and l,it by calcination of their sulphates to the oxides, 
a correction of about —01 must be applied to the atomic weights 
found by him. 

Cerium. 

For the experiments the purest cerium material prepared by B rau n er 
and used for atomic weight determination was employed. It gave 
Ge — 14025. As the oxide Gef). i attracts on cooling, some oxygen 
from air this number was shown to be a little high; Honigschmid 
and Sachtleben find the atomic weight 6V == 140T3. 

Praseodymium. 

In 1897 the director of the Welsbach works, Gloucester, the late 
Dr. Shapleigh, presented to one of us a fraction praseodymium 
ammonium nitrate which was perfectly free from neodymium but 
contained still some lanthanum. The small quantity of cerium present 
was removed by fusing the nitrates of potassium and sodium first with 
the nitrates at 350°; after filtering of the oxides of cerium and iron, the 
evaporated mixture was fused at 400°. Praseodymium separates out as 
Pr>0 A , lanthanum with some little Pr passes into aqueous solution. The 
spectroscopic investigation of the spark of praseodymium proved 
that it does not contain even a trace of a foreign earth. 

In the determination of atomic weight the oxide Pr 2 O a formed 
either the starting or the end point, but several experiments to reduce 
the higher oxide by hydrogen have shown that the oxide Pr 2 0 8 is 
always found heavier than in the following determination. The quantity 
of “active” oxygen was therefore determined in the higher oxide in 
such a way that a weighed quantity of the black higher oxide was 
brought into a glass tube sealed on one end, some potassium iodide 
was stamped upon it, then a small quantity of sodium hydrocarbonate 
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was added, the upper pari of the glass tube was drawn to a small 
tip, the tube was then filled with hydrochloric acid and quickly sealed. 
The higher oxide of praseodymium dissolves quickly and completely 
at ordinary temperature with considerable evolution of heat ; after cool¬ 
ing in ice the content of the tube is brought into cold water and 
free iodine is titrated by vj2 0 sodium thiosulphate. Some “blind” ex¬ 
periments were made with the arrangement described, without the 
oxide; a correction obtained was applied to the result obtained as 
above, but this may involve a slight uncertainty in the atomic weight, 
finally obtained. 

The atomic weight was determined by each of the following four 
ratios. 

a) Pr 2 (S0 4 ) :i . 8 11. 2 0: PrJ) n (analysis). The sulphate octohydrate 
was analyzed by removing first water and on removing the sulphuric 
radical over the blowpipe and then slowly cooling over a Bunsen 
burner, a black oxide of the approximate composition Pr 10 O I8 , 
resulted in which the quantity of JV 2 O a was determined by the iodo- 
metric method described above. Two experiments yielded as a mean 
Pr -- ---- 141-06. 

b) Pr 2 (S0 4 ) H : PrJ) :t (analysis). The sulphate was dehydrated at 
500° and calcined. Two experiments gave as a mean Pr — 140 95. 

c) Pr 2 0 2 : 3 0 2 0 n . In the finely pulverized and air dried oxalate 

was, as described above, determined the percentage of Pr. 2 0 8 , whereas 
in a second part the percentage of was determined by means 

of potassium permanganate. As average of a greater series of exper¬ 
iments the atomic weight Pr — 140 98 was obtained. 

d) Pr 2 0 H : Pr 2 (S0 4 ) n (synthesis). In one part of the air-dried oxal¬ 
ate the quantity of Pr 2 O s was determined (the humidity of breath 
being excluded by fastening a round filter paper on a match, held 
before the nose). Another quantity of the oxalate was destroyed by 
heating, reduced in hydrogen (it was again too heavy) and after 
solution in dilute nitric acid converted into the sulphate. This was 
heated for some time in an atmosphere produced by ammonium 
carbonate, but water had to be expelled by longer heating to 500°. 
The sulphate obtained was found to be partly neutral, partly slightly 
acid and this slight excess of sulphuric acid was determined acidi- 
metrically, using ethylorange as indicator. 

In the following experiments 1—4 the quantity of the oxide Pr 2 O n 
was found to be a) 44-951 and b) 44-962, or as a mean 449565 p. c. 
In the oxalate used for exp. 5. the percentage of Pr.,O ti was found 
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45*136 and for exp. 6. which was carried out with the greatest care 
the percentage of Pr^Os was found a) 44*9935 and b) 44*9950, or as 
a mean 44*9943. 


Exp. 

/v > 3 

/v,(sa ,) 3 

P.c.VrJ), 

Atom. 

No. 

.'/ 

// 

in sulphate 

Weight Pr 

i. 

0*73359 

1*26782 

57*863 

140*89 

[2- 

0*64871 

1*12059 

57*890 

140*08] 

3. 

0*74103 

1*28051 

57*870 

140*95 

4. 

0*72894 

1*25972 

57*865 

140*90 

5. 

0*36659*) 

0*63350 

57*867 

140*93 

6. 

0*82769 

1*43024 

57*871 

140*95 

Average after exclusion 

of No 2. . 

. . 57*867 . . 

. 140*94. 


Calculated from the best results the atomic weight of praseodymium 
is Pr - 140*94. For S the recent determination by Honigschmid 
and Sachteleben.S' — 32*06 was used. B a x t e r, after applying a cor¬ 
rection for a small quantity of cerium present but not for iron which 
is invariably present in the fractionated double nitrates, finds Pr =■- 
140*92, a number lower only by 0*02 than that found above. The 
discussion of the errors of the sulphate method in the case of 
lanthanum shows that the method, applied above in determining the 
quantity of Pr 2 0 H is far more reliable than the ordinary method of 
weighing the oxides directly. 

Neodymium. 

The preparation of neodymium ammonium nitrate which was 
kindly given to one of us by Dr. Shapleigh could not be com¬ 
pletely freed from the last trace of praseodymium present and it 
yielded only the lower number Nd —143*89. A much purer material 
was presented to us by Dr. Feit of Vienenburg who found the 
atomic weight Nd — 144*52 and which served for our experiments. 
The atomic weight found by Baxter is Nd — 144*27. 

Samarium. 

Samarium sulphate used for our experiments was not free from 
a small quantity of europium, but it did not contain any other foreign 
earths. 


*) In the preliminary note published in Abegg’s Handbuch the erroneus 
number 0*36559 was given. 
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For the control of atomic weight 1 ‘36567 g of the salt Sm s 
{S0i) s .8H 2 0 was freed from water by heating to 500°C; 1 *09770 £* 
of the salt Sm a (SOt) s remained. This was heated first gently, after¬ 
wards strongly and so converted into Sm z 0 ;t , weighing 0*65046 g. 
The ratio Sma(SO t ) B .8 H z O : Sm s 0„ gives Sm = 150*76 and the ratio 
Siiu(S0 4 )n: Sm^On yields Sm — 15066. The average of the last two 
numbers is Sm = 150*71 and it is not distinguished much from the 
number Sm — 150*43 found by Urbain and recommended by the 
International Commission. 


Gadolinium. 

The late Professor P. T. Cleve of Upsala presented to one of 
us a sample of gadolinium oxide (which was discovered byMarignac 
as Y„ - 159) of which he stated that it is “not perfectly pure”. 
0‘88884 g of the oxide Gd. 2 0 :i was converted into 1*48257 of the 
sulphate U(L{SO i ) lt and this after solution and evaporation at ordinary 
temperature yielded 1 *83903 g* of octahydrate: Gd 2 (S0j s .8II 2 0, whereas 
theory requires 1*8389 g. From the ratio OihO H : Gd. 2 (S0 4 ) H the atomic 
weight Gd --- 155*80 is calculated, Urbain in his classical work on 
rare earths succeeded in removing the last traces of impurities and 
found Gd - 157*27. The atomic weight commision takes Gd - 157*3. 

Terbium. 

This element was discovered by Mosander nearly 90 years ago. 
In reality it was to-day’s erbium whereas Mosander’s erbium was 
to-day’s terbium. 

The existence of “terbium” was denied by Bahr and Bunsen 
who confounded the two elements. Great work was done on terbium 
since (see Abegg’s Handbuch 111. 1. 309 and 360). Urbain (1905) 
in his classical work succeeded in preparing pure terbium oxide and 
obtained the atomic weight Th--~- 159*2 which is also accepted by 
the International Atomic Weight Commission. 

Terbium sulphate was kindly presented by Professor Urbain in 
the form of undistinct, rather slightly wet crystals. They were heated 
in an electric furnace at about 500° C until they lost all their water 
of crystallization and 1*04404 g of the anhydrous sulphate were ob¬ 
tained. This was converted by solution in water and evaporation at 
ordinary temperature, until the weight of solid residue remained con¬ 
stant, into the octahydrate Tb z (SO t ) 8 .81LO. Its weight was 1 *29338 g, 
so that the anhydrous sulphate took up 0*24934 g of water. The 
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percentage of the water in the octahydrate was 19-28 p. c. Urbain 
found 19 20 p. c. of water and calculated from it the atomic weight 
of Tl --- 159-2. The above determination completely confirms Urbain’s 
value which is also accepted by the At. Wt. Commission. 

Erbium. 

For this rare material Prof. Brauner is indebted to the late 
Professor P. T. Cleve of Upsala. It was signed “Erbium 1880” 
and consisted of the oxide. 1 09395 g of Er s O a was strongly calcin¬ 
ed and after dissolving in dilute nitric acid, it was converted into 
the sulphate. The later was heated for a longer time in an electrical 
resistance oven to 500° C and weighed in a closed vessel. In this 
way 1-78126 g of the anhydrous sulphate*) Er«(S0 4 ) n was obtained. 
In order to test, whether the salt was normal, it was moistened with 
dilute sulphuric acid; after evaporating to dryness the salt was heated 
again for some time to 500° C. The weight of the anhydrous sulphate 
was again exactly 1-78126 g, as found with a very delicate balance. 
The salt dissolved completely in water and the solution was not acid. 
From the above data Ei\O h : 3 S0„ 61 *414:38*586 the atomic weight 

calculated is Er = 167-16. The number accepted by the International 
Atomic Weight Commission is Er — 167 64. 

Ytterbium. 

This rare material was also kindly presented by Professor P. T. 
Cleve in the form of the oxide 1 "67279 g of YO a O s ; which was, 
by the usual method, converted into the sulphate and 2-69209 g 
Yb 2 (S0 4 )<i was obtained on heating to 500 u C. From this the atomic 
weight Yb~- 173 08 is calculated. 

Before this “old” ytterbium was split into (neo-) ytterbium and 
lutetium, it was assumed by the Int. At. Wt. Commission that its 
atomic weight is Yb — 173"0. 


Thorium. 

The purest thorium sulphate Th(S0 4 ) 2 .9 H.,0 that served for Brau- 
ner’s atomic weight determinations which yielded Tb = 232-36 was 
used. The At. Wt. Commission accepts the At. Wt. Th -- 232-12, 
found by Honigschmid. 

*) Here is corrected the number given by B. Brauner in a preliminary note 
in Abegg’s Handbuch HI. 1. p. 318, 
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1. Conductivities of the aqueous solutions of the normal 

sulphates. 

The conductivities were determined by the usual method in Kohl- 
rausell’s modification. “Conductivity” water was first redistilled with 
KOH and KMo0 4 and then freed from carbonic acid in the usual 
way and the vessel used was calibrated with a «/50 KOI solution. 
The thermostat was kept precisely at 25 0°. The conductivity of water 
was repeatedly determined in our apparatus and for the specific 
conductance the numbers 2 - 3-3'2 X 10 _B mho were found. 

On a very precise balance (Rueprecht-Nemetz) which was well 
isolated from heat sources and allowed, by the method of oscillation 
to read CK)1—0'02 mg, was weighed a quantity of the sulphate-octa- 
hydrate corresponding to the dilution »=- 32. The quantity weighed 
was slightly (by some 0 0001 grms) higher than corresponds to the 
above dilution. The sulphate was dissolved in water in a 100 cm* 
flask, exactly calibrated to the temperature of 25 u , the solution brought 
to the mark and in order to obtain an exactly normal composition 
a quantity of water corresponding to the slight excess of the salt 
was dropped in from a burette easily readable to 001 cur, so that 
the solution corresponded exactly to the equivalent >»/32. 

For the dilution of the solution Ostwald’s pipets were used 
which in repeated experiments were exactly calibrated by the method 
of Stas. In the majority of cases two determinations of each value 
were made and the mean was taken. 

Scandium sulphate. Se^SO ^. 6 II..0. 


\1 = 

32 

64 

128 

256 

512 

1024 

A 

27-82 

3352 

4M0 

49-38 

60-20 

83-26 

J. M e y e r and Co 

28-3 

338 

401 

47-7 

57-6 

72 1 


The value 8326 at v— 1024 was, owing to the hydrolysis rising 
continually to 8580 and above this value. We obtained the value 

X 1024 — X 32 55-44 to 57'98. 

The authors quoted found this difference — 43 8 and state that 
they did not observe a hydrolysis. 

Yttrium sulphate, Y^SO ^. 8 H. 2 0. 

v — 32 64 128 256 512 1024 

A —3686 43-60 5266 6274 75-61. 90-80 


X 1024 — A 32 53"94. 
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A freshly prepared solution of yttrium sulphate corresponding 
to v— 1024 gave A — 8591. From this follows the difference: 

A 1024 — - A 32 — 49*05 

which is by 4‘89 smaller than in the first case. 


Lanthanum sulphate. La 2 (S0 4 ) a . 9 H»0. 

o ----- 32 64 128 256 512 1024 

X - 34-35 41-16 49 72 6076 73 76 88-00 

From this follows the difference: 

X 1024 - X 32 = 53 65. 

Beside this we tried to determine the conductivity at still greater 
dilutions, up to >.'- 16348, but we give only that for »- 1024. 
Fresh sulphate of lanthanum was weighed with great exactness. The 
determination of conductivity at v ----- 1024 gave X — 86*06. 

The first series was carried out regularly in the course of four 
hours, as we found that the value of X 1024 increases on standing. 
The difference between the value found on diluting and that on mo¬ 
mentary determination is X 1024:88-00 — 86 06 — 1 "94. 

This difference as will be later shown, is undoubtedly due to 
hydrolysis. The conductivity of lanthanum sulphate was determined 
by Aufrecht (Abegg’s Handbuch III. 1.251) who found for the 
dilution v = 33‘86 — 1083 the values A = 43 58 — 96-26 52 68. Inter¬ 

esting are the determinations of Ley (1899) and of Muthmann 
(1898) (ibid.) who find for the dilution v - 32 values X — 40‘86 and 
40-72 and for v~— 1024; X — 87-84 and 87-67, from which follows 
that the difference A 1024 — A 32 47 on using the same material. 

This value is considerably too small. Muthmann considers the low 
number as a proof that the formation of a complex takes place, but 
we think it more probable that Muthmann’s material was not 
quite free from yttrium (see Brauner Ber. 24, 1328—1331 [1891].) 

Cerous sulphate. t!c^(SO t ) s . 8 II 2 0. 

o — 32 64 128 256 512 1024 

A - 33-81 40-94 50'18 61-06 74 97 89’47 

Walden:35-1 42 0 49 9 60 2 727 871 


A 1024 — 32 — 5566 
W a 1 d e n: A 1024 — 32 - 52 0. 
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After this a new quantity of cerous sulphate was weighed cor¬ 
responding to the dilution v — 1024 and the conductivity was quickly 
determined. The value found was A — 838. The difference is A 1024 — 
32 50"0 and that between the former and this value was found 

A 8947 — 83-8-— 57. 

The values found by Aufrecht (1. cit.) are too high, for he 
found for v 33: A4566 and for 1056 A 100*90 and yet it is striking 
that the difference found by him: 1 — 55'24 is in accordance with 
our result. 


Praseodymium sulphate. Pr 2 (<S'0 4 ) a . 8 If./). 

r — 32 64 128 256 512 1024 

A 33-86 40-38 48'65 59'65 71 78 87 42 a) 

84-07 b) 

A 1024 — 32 a) 53 56, b) 50 21. 

In another quantity of the salt weighed for the determination cor¬ 
responding to v 1024 the b) A 8407 was found, so that the 
difference of both values is A 87 42 — 84-07 is — 3-35. 

Both, Aufrecht and Jones have determined the conductivity 
of this sulphate, but the values given for r differ from the normal 
whole numbers and the salt used by Jones seems to have been 
acidic. 


Neodymium sulphate. .V</ 2 (n0 4 ) 3 . 8 11,0. 

t; 32 64 128 256 512 1024 

A =34-46 41-11 50 20 60 36 72*60 8781 a) 

84-37 b) 

A 1024 — 32 = a) 53 35, b) 4991. 

A fresh solution prepared for the dilution /> —- 1024 yielded A = 
84-37 so that the difference between A 8781 —A84"37 = — 3"44. 

Samarium sulphate. Sm 2 (SO t ) 8 . 8 ll 2 0. 

v ----- 32 64 128 256 512 1024 

A = 33*95 41-84 4754 58 62 70 66 85 10 a; 

8330 b) 

A 1024 — 32 = a) 5115, b) 49 35. 

In a fresh solution prepared for v — 1024 the value A - 83-30 was 
found and the difference between both A = —1*80. 
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Oadolinium sulphate. Gd. 2 (SO A ) a 8 Z/ 2 0. 

v —- 32 64 128 256 512 1024 

A 3640 43-34 53 30 61-35 74'28 87-94 a) 

84-53 b) 

X 1024 - 32 = a) 51-54, b) 48‘13. 

In a fresh solution prepared for v --1024 the value X ---- - 84-53 was 
found. The difference between both values of 2---—341, 

Terbium sulphate. Tb 2 (SO A ) a . 8 IIJ). 

v-^32 64 128 256 512 1024 

/ - 35-14 41-60 50 42 59 44 71 53 86-77 

X 1024 - 32 = 51-63. 

The want of this precious material did not allow to make a fresh 
determination at v 1024. 

Erbium sulphate. Er 2 (S0 4 ) s . 8 ll. 2 0. 

r — 32 64 128 256 512 1024 

X --- 37-28 44-45 53 48 63 82 76*28 92 01 


X 1024 — 32 — 54" 73. 

No direct preparation was made of solution n 1024; at higher 
dilutions strong hydrolysis was observed, e. g. for v — 8192 2 increased 
from 1437 to 145'7. 

Old- Ytterbium sulphate. Yb 2 (S0 A ) a . 8 IJ.,0. 

v - 32 64 128 256 512 1024 

2 =3977 47-03 5570 6610 78 57 95-11 

X 1024 — 2 32 — 55"34. 

A fresh material was weighed out for the dilution v ----- 1024 and 
the value 2 3 90‘66 was found. The difference between 2, 1024 and 
2 b 1024 — — 4 45. At higher dilutions strong hydrolysis was observed, 
e" g. for v - 4096:2 — 117-5 ’ 1191 K. 

Thorium sulphate. Th(S0 4 ).,. 9 H«0. 

n - 32 64 128 256 512 1024 

a) X --- 26-47 35 65 48 35 65 80 88-18 10070 

The determination of conductance of thorium sulphate solutions 
is somewhat difficult owing to the rapid hydrolysis, as the first mi- 
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nima in the telephone, especially at higher dilutions were very in¬ 
distinct. 

As the sulphate of a feeble base like thorium shows strong hy¬ 
drolysis in aqueous solution another set of determinations, requiring 
a little more time than in the first case, was made with the following 
result: 

r- 32 64 128 256 512 1024 

2,-2601 36 26 49'56 67 35 89-92 107 40 

a) X 1024 —A 32 73‘7, 

b) 2 1024 — 2 32 81'4 and the difference of the two values — 

— 77. 

It seems that the difference b) 2 1024 — 32 approaches that re¬ 
quired by the Ostwald-Walden law: 2.4.10 —80, better than 
that obtained with the more basic trivalent elements. 

A review and a comparison of the values obtained in this first 
part of our research will be given in a subsequent communication. 


II. Conductivity of the acid sulphates. 

The acid sulphate of the rare earth element cerium was first pre¬ 
pared by Wyruboff’ but several oi them were prepared for the 
first time in the pure state by Brauner and Picek. For the de¬ 
termination of their conductivity in aqueous solution the pure salts 
were not used, for it was sufficient to use their products of hydro¬ 
lysis, basing on the equilibrium: 

2 li(SOJI)., + A/j ^ ItiiS0 4 ) s ! 3 II,HO, -f Aq. 

We measured therefore the conductivity of a nj 32 //,.S0 4 and 
then in the same vessel the conductivity of a mixture of «/16 1I 2 S0 4 
and nj 16 1L(S »'0 4 )a, the conductivity of the latter for o — 32 being 
given in the preceding part. 

H tv:, conductivity of nj .32 ILS0 4 

R~ conductivity of the normal sulphate w/32 R 2 {S0 4 ) n - 
2 -- algebraic sum of the two conductivities 
2 •=--- conductivity of the mixed solution 

<5 —• difference between 2, the sum of the conductivities and 2 that 
of the mixture 

p. c. loss of conductivity d (i. e. the loss of the ions in p. c.). We 
give the result according to the rising S. 
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Sm Nd Pr La Gd Tb Er Y Yb Ce Th 

S 297-4 290-0 288-1 300 3 2927 303-6 303 4 288*0 298 3 300 3 296-2 
P 33-3 34-5 33 9 34 4 36 4 35-1 37‘3 36-9 39‘8 33-8 264 

2' 3307 324*5 322 0 3347 329 1 3387 3407 324-9 338 1 334-1 322*6 

1 307-4 299 1 296 5 304 8 296*9 307 6 306 0 292 0 302 6 3037 2964 

<) 23-4 25-4 255 299 322 31-1 339 329 355 30-4 26-2 

%JJ70-2 73 0 75-3 87*0 887 887 88'9 892 891 90-0 100-0 

Another mode of expressing the difference between the sum 2' of the 
conductivities of the sulphuric acid S and the earth-sulphate Ii may be 
used, when owing to the difficulty of obtaining a constant value for S, 
not a single determination, but the mean of the 11 values for the con¬ 
ductivity found above, viz. 8 = 296 2 ± 47 is used. This time the sum 2 
is a little different from the values given above and therefore the values 
b obtained by subtraction of 2 — X are also a little different. This time 
the percentage b: 2 is calculated. We obtain the following relations: 

Sm Tb La Ce Er Nd Gd Yb Pr Y Th 

.S' 296 2 296-2 296 2 296 2 296 2 296'2 2962 296 2 296 2 2962 2962 
li 33-3 35*1 34-4 338 377 345 36'4 39 8 339 369 264 

2 329 5 331-3 330 6 330 0 3332 3307 332 6 336 0 3292 333 1 3222 

l 307 4 307-6 304 8 3037 306 8 299 1 296 9 302 6 2962 292-0 296*4 

b 22-1 237 25-8 267 267 316 322 33 4 33 0 4W 262 

p.c. 67 6-8 7-8 80 87 97 97 99 107 117 8'8 

b-,1' 

The percentage values increase from the more positive to the 
more negative earth elements, but the most positive lanthanum does 
not stand at the beginning and the least positive ytterbium does not 
stand at the end of the series. Lanthanum is preceeded by Sm and 
Tb, after Yb follow Pr and Y. As the differences are very small, 
some reason may be found in the difficulty of determining exactly 
the conductivity of the sulphuric acid. Probably the greater conduct¬ 
ivity of the less positive elements is due to the fact that they show 
a greater inclination to the formation of complexes. 

Thorium with its tetravalency belongs to a different group. We 
have Th(S0 4 H) 4 zl.Th(SO i ) 2 -^-21I 2 SO i . It would be probably better 
to write ThS0 4 {S0JI) 2 Th (S0 4 ) 2 -f- ll 2 S0 4 as only the acid sul¬ 
phate Th (S0 4 ). {S0 4 H 4 ) 2 has been prepared in our laboratory, but it 
is clear that the conductivity of the mixture of the normal salt with twice 
as much sulphuric acid belongs to the salt prepared by Picek and 
Brauner i. e. the semi-acid salt. 
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According to the equation 

/o> so * 

Th.< u 


\ 


O—SO.—OII 
0 — SO,—OH 


Til (o'0 4 ) 2 f If z S0 4 , 


the experiment ought to have been still conducted with only half 
the quantity of sulphuric acid, which would give a much smaller 
value of <5, probably zero. 


III. Determination of the basicity by the study of in¬ 
version of saccharose. 

Commercial saccharose was purified by the crystallization from 
alcohol-ether and dried in vacuum at 100". The vessels in which 
the inversion was conducted, were of Jena glass, well steamed out 
and connected to reflux condensers. The water used, purified as 
above, was freed from carbonic acid and from time to time a blind 
test was undertaken in order to see, whether an inversion does 
not take place without the addition of the sulphate. So the spe¬ 
cific rotation was found at the beginning [«]„ 65'Q5 ,J and after 

six hours’ standing it changed only slightly to [«],, 65'92". The 

solution of the saccharose was of 10 p. c. and the inversion was 
carried out in a boiling water-bath for the amount of 8 hours. The 
polarimeter in which the rotation was measured, was a very exact 
instrument of the construction Li ppich - Lauren t. In order to 
avoid the fluctuation of temperature of the water bath, this was con¬ 
nected with another bath of constant level, which was kept at boiling 
point. The measurements were made at 20 ° C. 

We began polarimetric measurements with nj 50 solutions. In regard 
to our dilution system — 32 — 64—128 — 256 it was found that 
more hydrolysed solutions at nj 32 invert more quickly, and on the 
contrary solutions of less hydrolysed salts at »/256 invert too slowly. 
Thus for final measurements r -- 64 and 128 were used. 


Yttrium sulphate. Y^SO^-.S lljj. 
»/64 «/12S 


time h. 

angle measured 

inversion 

time h. angle measured 

inversion 

2 

196-01 

11-63 

the same 196 44 

1206 

4 

192-67 

8-29 

193-84 

9-46 

6 

188-65 

427 

190-46 

608 

7V* 

18590 

1-52 

187-73 

3-35 

8 

185-30 

1-00 

187-30 

2-92 

A 2 h 

— 8 * =■_ 10-63° 


J2 h — 8 '* 

, r; 9-140 

the final [a]^ = 5 - 00 ° 


[«)u 

= 14-6° 
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Lanthanum sulphate. Im/S0 4 )h ■ 9 II/). 


time h. 

>//64 


n 128 


2 . 

19676 

12-38 

the same 19692 

12-54 

4 

194-90 

1052 

195-43 

1105 

6 

192-38 

8-00 

193-44 

906 

8 

189 28 

490 

19042 

604 

J 2" — S' 1 

=.= 7-48° 

12 '* — 8 h =• 

- 6-50» 

M O 

24-5° 


[«],. - 

-- 30-2° 



Cerous sulphate. 

Ce/S0 4 ).,. 8 If./). 


time h. 

tt '64 


time h. h/128 


2 

19461 

10-23 

2 195-50 

n-12 

4 

191-50 

712 

5 191-34 

696 

6 

18808 

3-70 

8 186-37 

2-00 

8 

184-70 

0-32 



j 2" - 8" 

-=--9-91° 


12 '* —8'' ---- 

913° 

l«lz. 

- 1-60° 


Mo- 

10 -00° 


Praseodymium sulphate. Pr/S0 4 ) :t . 8 II./J. 


lime h. 

nt(A 


time h. 

///128 


17. 

196-85 

1247 

2 

196-81 

12-43 

3 

195-24 

10-86 

4 

19488 

1050 

4 »/ 3 

19310 

8-72 

6 

19194 

7-56 

6 

190-66 

6-28 

8 

188-65 

4-27 

77. 

18817 

379 




8 

187-38 

3-00 




Jl'/o" 

— 8" 9-47" 



12 '* — 8 ° •- 

« 8-16° 


[a\ b 15-00° 



Mo 

21-35° 


Neodymium sulphate. N<l/S0 4 ) n 

. 8 // 2 0. 


time h. 

u/b4 


time h. 

»/ 128 


17. 

196-75 

12-37 

17. 

196-93 

12-55 

3 

19503 

10-65 ‘ 

3 

195-35 

10-97 

5 

191-75 

7-37 

4 V., 

193-38 

900 

<>7, 

188-96 

4-58 

6 

191*16 

6-78 

8 

186-52 

2-14 

■77. 

188-90 

453 




8 

188-20 

3-82 

J1V 2 4 

— 8" ~ 10-23* 



1 1 1 IJ — 8 A 

= 8-73° 


[«],, = 10-70° 



Mo 

-- 1910° 





Samarium sulphate. Sm.<{so 4 ), A . 8 II..O. 


time h. 

«/64 


time h. 

„/128 


1*8 

19662 

12-24 

1V 2 

196-85 

12-47 

3 

19460 

10-22 

3 

19516 

10-78 

4 , / a 

191-77 

7-30 

4‘ 2 

192-95 

8-75 

6 

188-78 

4-40 

6 

190-20 

582 

7 

186-86 

2-48 

7 

188-20 

3-82 

8 

185-50 

1-12 

8 

186-85 

2-47 

IV 

— 8" 1M2° 



. /1 Vo* — 8 ; ‘ - 

1000° 


hit, 560° 



H, 

12-35° 


Gadolinium sulphate. (ld 2 (S0 4 ), f . 8 11,0. 
Zero-point: 184'35". 


time 

h. 

,i'64 


time h. 

< 1/128 


2 


196-64 

1229 

2 

196-03 

11-68 

4 


194-81 

10-46 

4 

195 00 

10-65 

0 


192-30 

7-95 

b 

193-23 

8-88 

8 


18919 

4-84 

8 

190 26 

5-91 

i 2 h 

— 8* 

7-45° 



/ 2 * —8 * 

5-77° 


l"],, 

24-20° 



H, 

29-55° 



Terbium sulphate. 


. 8 IUJ. 


Zero-point: 184 - 34°. 





time 

h. 

» 64 


time h. 

>1:128 


2 


196-60 

12-26 

2 

196-38 

1204 

4 


194-64 

10-30 

4 

194-92 

10-58 

6 


190-86 

6-52 

6 

192-36 

802 

8 


18802 

1-68 

8 

180-47 

513 

12* 

-8* 

8-58° 



12 * — 8* - 

5-91° 


l«lt, 

8-40° 



l«Jt, = 

25-65° 



Erbium sulphate. 

Er 2 (S0 4 ) a . 

8 // 2 0. 


time 

h. 

„/64 


time h. 

w/128 


2 


19607 

11-69 

2 

19706 

11-68 

4 


19315 

8*77 

4 

194-46 

1008 

6 


189-50 

5-12 

6 

190-75 

6-37 

8 


18636 

1-98 

8 

188-93 

2-65 

12* 

— 8 * 

— 9-71° 



1 2 * - 8 * r~. 

8-13° 


hit, 

= 9-90° 



[«]„ 

13-25° 


2 
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Ytterbium sulphate. Yh s (SO t ) a . 8 H z 0. 


time h. 

m/64 


time h. 

«/128 


2 

195-52 

11-17 

2 

195*82 

11-44 

4 

19T50 

7-12 

4 

193-26 

8-91 

6 

186-98 

263 

6 

189-16 

4-81 

8 

18395 

0-40 

8 

186 08 

1*73 

12 h — 8' 1 

11-57° 



I2 h — 8'* 

9-74° 

Mo 

- —2-0" 



Mw " 

8-65° 


Thorium sulphate. 

77/(»S'0 4 )., 

. 9 1LO. 



n\ 64 

in 1 hour - 

- 180-85 - 

- 3-53. 



m/128 

in 1 hour - 

- 181-10 - 

- 3-28. 



rtf 256 in 1 hour - 

- 184-34 

-004. 



This tetravalent element belongs to a different series and shows 
a much greater hydrolysis than any of the sulphates of the trivalent 
elements. 


IV. Catalysis of methylacetate. 

The catalysis of the methylacetate was conducted in fused tubes 
of the hard Bohemian Kavalier glass in a boiling water bath with 
n/32 solutions of the earth sulphates. The acetic acid set free was 
titrated with a m/50 NaOJf; as indicator methyl orange was used as 
other indicators did not suit. 

The first sample was titrated immediately in the cold liquid, 
whereas the second after one hour, the third after two hours and 
the fourth after boiling for ninety hours. The time of 90 hours was 
chosen, in order to ensure, that even in the case of most basic 
earths complete hydrolysis was effected. 

The sealed bomb was taken out of the steam bath, which was 
arranged in the same manner as in the case of inversion, and was 
cooled as much as possible by water in order to prevent evaporation 
of acetic acid during titration. For calculation the following formula 
was used: 


* \ >og 


■A A 0 
A —At ’ 


where / signifies the time of the heating, A the time found after 
90 hours, A 0 the titre at the beginning and At the titre after the time t. 
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t — 60 m. 
J 0 = 11-70 1 
J«o ----- 1218 I 


Yttrium sulphate nj 32. 


k = • 625.10 


t 120 m. 

■ 1„ ----- 1170 \ 
J«o 13-78 I 
A = 24-75. 


/.■ 


£ — 60 m. 
Jo — 0 i 
J 60 023 * 


Lanthanum sulphate nj 32. 


A — 124.10-° 


# 120 m. 

A 0 | 

J ie() 041 > 

.4 13-45. 


/! 60 m. 

J 0 0-82 1 
J« y --=3015 < 


Cerous sulphate v 32. 

t ----- 120 m. 

Jo y-82 1 

Jj 3 o 30 62 * 
J --3015. 


144.10 


* 60 m. 

Jo - 9-2 | 

Am =-- 10-17 I 


Praseodymium sulphate ni 32. 

t- 120 m. 

*- j84 - 10 • io?4 

J 27-95. 


Neodymium sulphate nj 32. 


t 

60 m. 

t - 

120 m. 

A o 

9-86 J 

440.10 ° 

9-2 | 


10-98 1 

A J20 “ 

12 02 1 



A - 

2883. 


J 0 

-‘4 60 


60 m. 
64 \ 
10 34 • 


Samarium sulphate n\ 32. 

* = 120 m. 
Jo - 64 | 

J 120 =- 13-45 I 
J =- 27-10. 


149.10- 


t — 60 m. 
J 0 = 6*1 \ 
J«o - 6-49 I 


Gadolinium sulphate n 32. 


k = 197.10 


t =- 120 m. 
J 0 = 6*1 1 

^iao ~ 6"88 1 
J =- 20-95. 


£ 


628.10- 1 


- 112.10 


— 145.10" 


395 .10 " 


448.10 


k = 150.10 


= 195.10 « 







Terbium sulphate n/ 32. 


t 60 m. 

A 0 | , 

A K „ = 0'45 < 1 


t 120 m. 

403.10-* 'j° I * = 400.10 

.4 " 7-8. 


i 60 m. 

A n - 0 | , 

.4 fi0 0-50 I 


Erbium sulphate »/32. 

/ - 120 m. 

444 10 . 1„ Li 1 442 10 ' 

A ~ 84. 


Ytteibium sulphate nj 32. 


/ 60 m. 

. 4 0 1210 ^ 

,1 B0 12-06 < 


k 411.10-“ 


f 120 m. 
A (l 1210 | 
-- 13*55 I 
A 25-9. 


402.10- fi 


On calculating all values for A n -- 0, the same results are obtained, 
as above. 

The theoretical comparison of the results, obtained above, will be 
given in a further communication. 


Institute of analytical and 
inorganic Chemistry, Charles' University, 
Prague. 
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A PRELIMINARY NOTE ON THE INFLUENCE OF SULPHUR 
DIOXIDE ON THE GLOW OF PHOSPHORUS 


bv A. BLAHA and F. SCHACHF.RL. 

J. Tausr and H. Gorlac her (Z anorg. Chem. 1930, 190, 95) 
investigated the influence of sulphur dioxide on the upper pressure 
limit of the glow of phosphorus for small concentrations of this gas 
and found that the curve representing this influence has a minimum 
(Fig. 1 , curve 1 ). This would indicate that sulphur dioxide ads first 
as a poison, but at higher concentrations is a positive catalyst. 

We ascertained by experiment that phosphorus does not glow in pure 
sulphur dioxide. The curve describing the influence of sulphur dioxide 
on the upper pressure limit of the glow of phosphorus must thus show 
zero pressure at .i 100%. For this reason the curve mentioned 
above should have besides the minimum a maximum as well. 



Fig. 1. 

1. W, Tansz and (lorlacher 

2. SO a Blaha and Schacherl 

3. .V 2 Tausz and Gorlacher 

We began therefore to study the influence of sulphur dioxide on 
the upper pressure limit at greater concentrations. The preliminary 
results of the experiments are shown in Table 1 and Fig. 1 (curve 2). 
Neither a maximum nor a minimum is indicated by these data. 
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T able 1 . 
t = 20-3" C 


'• •/. 

total pressure 
p mm 



total pressure 
p mm 

p 0 mm 

0-36 

629-6 

625-1 

32 07 

543-6 

368 1 

0-62 

619-1 

6132 

3336 

491*9 

3267 

0-91 

615-8 

608-1 

41-27 

493-4 

288-9 

267 

5800 

562-5 

4918 

459-6 

2328 

668 

604-9 

562-5 

58-21 

4531 

188-6 

839 

6131 

559-7 

68 31 

417-3 

1317 

8-55 

579*9 

528-5 

91-75 

355*0 

292 

15-44 

589-8 

497-0 

94 88 

331-2 

170 

22-79 

573-6 

441-4 

98-83 

277-9 

3-3 

2417 

5552 

419 6 

ioo-oo 

00 

00 


In a paper on the influence of nitrogen peroxide on the glow of 
phosphorus (F. Schacherl, Collection 1930, 2, 665; Pub. Fac. Sci. 
Univ. Masaryk 1930, 132) attention was called to the unusual form 
of the curve for nitrogen, which is concave towards the j-axis, 
whereas the curves for other poisons are convex towards this axis. 
This anomaly disappears, as soon as the concentration of nitrogen 
is expressed by the ratio of partial pressures of nitrogen and oxygen 
instead of by the percentage of nitrogen. 

Generally it may be said that the curves representing the influence 
of poisons on the maximum pressure limit of the glow of phosphorus 
are always convex towards the .r-axis, if the concentrations of the 
poisons are expressed by the ratio of the partial pressures of the 
poison and the oxygen. However, if the concentration is expressed 
as a percentage, these curves are convex towards the .e-axis (%) 
only when the constant a in the equation expressing the dependence 
of the maximum pressure p x on the concentration x (expressed by 
the ratio of the poison to the oxygen), 

A 

%>x -■ —,., 

a -f x 

is less than unity, i. e. when a 1. However, if a ^ 1, the curve is 
concave towards the .e-axis (%), and turns to a straight line, if a ~ 1 . 

The strength of a poison is estimated from the slope of the tangent 

A A 

to the curve for x — 0, which is given by • For x —0 jp 0 — —, and 
from this A-- n.p„. Substituting this for A in the expression for the 
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slope of the tangent we obtain ~, and, as is identical for all 

poisons at the same temperature, hence the reciprocal value of the 
constant a is a measure of the strength of the poison at the same 
temperature. 

The poison is thus the stronger, the more convex is the curve 
towards the .r-axis (%), and the weaker, the more concave is the 
curve. Poisons with a linear dependence lie between both these types. 

From the point of view given, the poisons may be classified as 
strong (a ' 1), of medium strength (a ~ 1) and weak (a . 1). 

Received December 1931. Institute of Inorganic Chemistry, 

Masaryk University, Brno. 



DOSAGE DU TITANE A L’ETAT DE BIOXYDE AU MOYEN 
DE CARBONATE DE GUANIDINE EN MILIEU TARTRIQUE 

par A. IILEK el J. KOtA. 

On sait que les sels alcalins des acides-alcools organiques — 
iels que les tartrates et les citrates — empeclient completement la 
precipitation du titane par I'ammoniaque, et partiellement celle opEree 
par les lessives alcalines ou les carbonates alcalins. Dans les deux 
derniers cas le precipite, ne filtrant que difficilement, retient une pro¬ 
portion considerable de sels alcalins. 

Si I’on parvenait a trouver a la place des precipitants cites plus 
haut un reactif de nature alcaline et qui fut capable d’effectuer une 
precipitation integrate du titane en milieu tartrique, un tel procede 
pourrait etre mis a profit pour separer le titane des corps simples 
non precipitables dans ces conditions, tel que par exemple I’aluminium. 

Dans le travail present, nous etudions si le carbonate de guanidine, 
qui nous a deja rendu de bons services dans la separation en milieu 
tartrique du glucinium d’avec Paluminium, 1 ) se laisserait utiliser pour 
le but en question. 


Partie expErimentale. 

a) Etablissement du titre de la liqueur titanique. 

Nous avons operE avec des solutions de sulfate et de tetrachiorure 
de titane de la maison Merck, dont nous avons dEterminE le titre 
par les procedes a I’ammoniaque de Thornton, 2 ) a 1’oxine de 
Berg-Teitelbaum, s ) au cupferton de Lundell-Knowles. 4 ) En 
outre, le titre de la solution de sulfate a Ete etabli par Evaporation 
d’un volume determine et calcination du residu sec. 


') Collection III, 336 (1931). 

2 ) W. M. Thornton: Titanium 88 (1927). 
n ) Z. anal Chem. 81, 1 (1930). 

4 ) W. M. Thornton : Titanium 90 (1927); J. Ind . Eng. Chem . 12, 344 (1920). 
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Dans 25 cc de solution fondamentale de sulfate de titane nous 
avons trouve: 


par evaporation et calcination O'1402 gr de 770. 


par Nil?, 
par roxine 7 ') 

par le cupferron') 


0'1397 gr de 770. 
O'1360 gr de 770. 
O' 1360 gr de Tid, 
. O'1354 gr de 770. 
0'1346 gr de 770. 
O'1360 gr de 770. 
O' 1345 gr de 770. 
O' 1343 gr de Tid 
04343 gr de 770, 


en moyenne 

0 1399 gr de 770. 
O' 1360 gr de 770. 

O' 1353 gr de 770. 

O'1344 gr de 770. 


On voit par ces chiffres que pour (’evaporation et la calcination 
la valeur moyenne est la plus elevee, tandis qu’eile est la plus faible 
pour le precede au cupferron. Le fait que dans les filtrats apres la 
precipitation on n a jamais pu deceler de titane fait supposer que 
la liqueur titanique n’etait pas completement pure. Cest notamment 
la silice qui a eveille nos soupgons. Elle pourrait en effet etre retenue 
par le precipite titanique, surtout en milieu ammoniacal, moins facile- 
ment lors de la precipitation au moyen d’oxine en milieu acetique 
ou par le cupferron en milieu sulfurique. 

Vu que les erreurs en plus etaient le plus sensibles dans la pre¬ 
cipitation au moyen d’ammoniaque, nous avons dose la silice dans 
ce precipite par le precede connu, e'est-a-dire par la difference de 
poids avant et apres le traitement par I’acide fluorhydrique en pre¬ 
sence d’acide sulfurique du precipite calcine. 

Dans 25 cc de la solution de tetraclilorure de titane nous avons 
trouve, par precipitation a I’ammoniaque dans des vases if precipiter 
en verre d’lena, les valeurs suivantes: 


O' 1567 gr de 770., apres traitement a UF: O'1560 gr de 770. 

04568 gr de 770., » a IIF: O'1560 gr de 770. 

O' 1565^r de 770 a , » a IIF: O'1555 gr de 770. 

De maniere analogue nous avons dose la silice dans le pr£cipit6 

obtenu par precipitation a l’ammoniaque d’une nouvelle solution de 
sulfate de titane. 7 ) Dans 25 cc de cette liqueur on a trouve: 

01200 gr de 770 z , apres traitement h IIF: 01173 gr de 770.. 


s ) Determine dans 5 cc de solution et ramene a 25 cc. 

") En raison du volume considerable du precipite le dosage a ete fait sur 15 cc. 
’) En capsule de porcelaine. 
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II ressort des chiffres ci-dessus que le prEcipitE d’hydroxyde tita- 
nique, qu’on ait opErE la precipitation par 2V7/ S en vase de verre ou 
en vase de porcelaine, renferme reguiierement une proportion plus 
ou moins sensible de silice. 

On comprend en meme temps pourquoi les valeurs obtenues par 
Evaporation et calcination de la solution de sulfate Etaient les plus 
Elevees, abstraction faite des dernieres faibles traces de S0 a , qui ne 
se laissent Ecarter que difficilenient par calcination meme alors qu’on 
a recours au carbonate d’ammonium. 

b) PrEcipitation par le carbonate de guanidine. 

Des essais prEalables ont montre que la prEcipitation du titane 
par ce carbonate en presence de tartrate n'est quantitative — puis- 
qu’il s’agit en fait d’une hydrolyse — que dans le cas oft une solution 
sensiblement neutre est traitee, a l’Ebullition, par un exces assez 
considErable de carbonate de guanidine qui, s’il est partiellement 
retenu par le prEcipite titanique, s’en laisse nettement Ecarter par 
calcination. Pour une prEcipitation complete du titane, jusqu’it (M gr 
de TiOo et en prEsence de 1 gr d’acide tartrique (ajoutE sous forme d’une 
solution a 2°/ 0 neutralisEe a Pammoniaque), il faut environ 6 gr de 
carbonate de guanidine en solution a 4 ou 8%. 

S’agit-il d’une solution titanique trop acide, indiffEremment de 
sulfate ou de chlorure, pour ne pas gaspiller 1’agent prEcipitant, le 
mieux est de couper Pacidite excessive, apres addition d’acide tartrique, 
en ne laissant subsister qu’une reaction faiblement acide au rouge 
mEthyle. On opere la neutralisation au moyen de KOtf, de NaOIl 
ou d’iV// 3 diluEs. 

Toutefois, plus forte est Pacidite de la liqueur titanique neutralisEe 
par Pammoniaque, plus forte est la proportion de sel d’ammonium 
formE, et plus grande est par consEquent la perte de carbonate de 
guanidine, car sous Paction du sel ammonique le sel guanidinique 
passe a I’Etat de carbonate d’ammonium qui s’Echappe en majeure 
partie pendant I’Ebullition. Pour cette raison il vaut mieux que 1’aciditE 
excessive de la solution titanique soit coupEe par les lessives atcalines. 

En ce qui concerne le volume total lors de la precipitation, il est 
recommandable d’operer en solutions un peu diluEes; pour un volume 
de 300—400 cc on obtient les meilleurs resultats. Les vases en verre 
d’lEna ou de porcelaine se prEtent le mieux, le dit verre rEsistant 
tres bien a Paction du carbonate de guanidine. 

Le prEcipitE obtenu par ebullition de la solution titanique avec 
le carbonate de guanidine est ires compact et n’adhere pas aux 
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parois, de sorte que sa mise sur filtre ne presente pas de difficultes. 
On le lave, jusqu’a plus d’ion Cl' ou SOS, avec une solution chaude 
& 1% environ d'azotate d’ammonium neutralist au rouge methyle 
par de l’ammoniaque diluee. Le lavage de 0-1 gr de TiXL exige 
environ 700—800 cc de liquide de lavage chaud. 

En vue de la possibility d’une separation ulttieure du titane 
d’avec l’aluminium le lavage a £te effectue, dans certains cas, d’abord 
avec un melange de solutions chaudes de carbonate de guanidine 
et de tartrate d’ammonium prises dans le meme rapport que lors de 
la precipitation, puis par une solution cliaude d’azotate d’ammonium. 

Pour obtenir le bioxyde de titane aussi blanc que possible, on 
recommande d’humecter le precipite, avant la calcination du filtre, 
de quelques gouttes d’acides sulfurique et azotique, puis comburer 
et calciner jusqu’ii poids constant dans un petit four a cliauffage 
electrique. Vu que les reactifs employes pour la precipitation ne sont 
jamais completement exempts de fer, le bioxyde de titane obtenu par 
calcination n’est generalement pas tout-a-fait blanc, pas meme alors 
que Ton a traitc le precipite par les acides mentionnes plus haut. 

Ainsi qu’il a etc dit ci-dessus, nos liqueurs titaniques renfermaient 
un peu de silice. II etait a prevoir, si la silice etait retenue par l’hydro- 
xyde lors de la precipitation a I’ainmoniaque, qu’il en serait de m£me 
lors de la precipitation de I’hydroxyde titanique au moyen du carbo¬ 
nate de guanidine en milieu tartrique. C’est ce que I’experience a con- 
firme. Si le titane a et£ dose par le dit reactif guanidinique en presence 
de tartrate, les resultats concordaient avec ceux obtenus en calcinant 
le residu apres evaporation d’un meme volume de solution de sulfate 
de titane. Par contre, ils etaient plus eleves que les valeurs observees 
dans le proc&le k l’ammoniaque, comme on verra plus bas. 

Si, toutefois, le bioxyde de titane calcine, obtenu indifferemment 
par precipitation ammoniacale ou guanidinique, etait debarrasse de 
la silice au moyen d’acide fluorhydrique, les resultats etaient prati- 
quement identiques les uns aux autres. 

11 en ressort que lors de la precipitation it I’ammoniaque la silice 
n’est retenue par le precipite d’hydroxyde que partiellement, mais 
completement dans le cas du carbonate de guanidine, ce qui est 
probablement du d I’influence du carbonate d’ammonium qui prend 
naissance dans Paction du carbonate de guanidine sur le tartrate 
d’ammonium. 

Dans 25 cc de solution de sulfate de titane (precipitation avec 
emploi de capsules en porcelaine) on a trouv£: 
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1. par calcination du residu sec apres (’evaporation O'1209 gr de TiQ* 

et apres traitement 4 YIIF O' 1182 gr de TiCK; 

2. par le precede a l’ammoniaque 0-1200 gr de 77et apres traite¬ 
ment a YIIF 01173 gr de 770.,; 

3. par le procede au carbonate de guanidine 

a) 0i216 gr H ) de Ti(L et apres traitement a YHF Oi 182 gr de TiO.,\ 

b) 01210£r 9 ) de TiO., et apres traitement a YHF 0‘1178gr de TiO «; 

c) 0 - 1207 gr 10 ) de 770., et apres traitement a 17/7’’ 01175jgr de 770 a . 

Dans I’essai sub 3 a) le lavage du precipitg (jusqu’k disparifion 
de SO.") a £te oper6 par 500 cc environ d’une solution chaude h 1 % 
d’azotate d’ammonium neutralisee a 1’ .Y7/ t! , dans les autres essais, par 
800 cc de meme liqueur. 

La valeur un peu elev£e de I’essai sub 3 a), 0"1182.gr de 77(4, 
se laisse expliquer par une retention de sel alcalin dans le precipite. 

II resulte des chiffres ci-dessus que 1’accord entre les resultats 
obtenus dans les precedes a l’ammoniaque d’une part et au carbo¬ 
nate de guanidine d'autre part, est tres satisfaisant si le precipite 
est soumis a un traitement a I’acide fluorhydrique. 11 en est de meme 
si Ton compare les chiffres obtenus par le precede guanidinique avec 
ceux qu’on trouve par evaporation et calcination d’une solution 6talon 
de sulfate de titane. C’est pourquoi nous ramenons, dans la suite, 
les chiffres obtenus par le procede guanidinique au litre determine 
par evaporation et calcination de la liqueur de sulfate de titane. Pour 
neutraliser I’acide libre de la liqueur titanique apres addition de 50 cc 
d’une solution a 2° 0 d’acide tartrique neutralisee par NII„, nous 
employons la soude caustique, et la precipitation est operee au moyen 
d’une solution a 4% ou 8% de carbonate de guanidine. (Tableau l., 
voir page 77, 78, 79.) 

Ces resultats mettent en evidence que le procede au carbonate 
de guanidine en milieu tartrique peut tres bien servir au dosage du 
titane. Pour ce qui concerne la separation du titane d’avec I’alumi- 
nium, elle fait l’objet de recherches poursuivies. 

*) Apres neutralisation de Tacidite excessive par XaOH £tendue. 

’) Apres neutralisation de Tacidite excessive par KOH etendue. 

l,} ) Apres neutralisation de 1’acidite excessive par A r B a . Vu que Pacidite du 
liquide est considerable, la dose de carbonate de guanidine a dfi etre augmentee 
pour la raison signalee page 3. Si cette augmentation n’a pas ete effectuee, on 
a trouv£ 0*1 144 gr de Ti0 2 , et aprfcs traitement a VEF, 0*1103 gr de T\0. i . Un 
essai a blanc a d'ailleurs revele que les r^actifs employes, notamment la lessive 
alcaline, renfermaient, eux aussi, un peu de silice. 
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Void maintenant la marche S suivre pour le dosage du titane 
par notre nouveau proced£: 

La solution renfermant le titane It I’etat de chlorure ou de sulfate 
(correspondant a Oi gr TiO« au maximum) et plac£e dans un verre 
ci precipiter en verre d’l£na ou une capsule en porcelaine, est addi- 
tionnde de 50 cc d’une solution de tartrate d’ammonium. 18 ) Le melange 
est ramene a faible acidite en neutralisant par NaOlI ou KOH au 
rouge mlthyle. On ajoute ensuite 75 cc d’une solution filtree & 8% 
de carbonate de guanidine, et I’on dilue par de I’eau distilltie & un 
volume de 400 cc environ. Le liquide est porte a I’ebullition sur une 
toile metailique, maintenu a douce ebullition pendant 5 minutes en. 
viron, puis abandonne a un endroit chaud. Apres que le precipite se 
fut depose, on le. recueille sur un filtre (Schleicher-Schtill bande bleue). 

Le lavage est opere au moyen d’une solution chaude a 1% d’azotate 
d’ammonium (neutralise par NII ; . au rouge methyle), jusqu'a disparition 
de l’ion CV ou .s'0 4 ". 14 ) Le precipite est seche, mis en creuset de 
platine, puis, apres combustion du filtre, calcine jusqu’a poids constant 
dans un four chauffe electriquement. 

lnstitut de Chimie analytique 
a I'Ecole Polytechnique tcheque de Brno 
(Tchecoslovaquie). 


i:i ) La solution tie tartrate d’ammonium est preparee en dissolvant 42'5 gr 
d’acide tartrique et en neutralisant par A7/.. au rouge methyle. Le volume est 
alors ramene par I1JJ a 2 litres. 

“) En vue de la separation du titane on peut employer deux liquides de 
lavage: d’abord une solution chaude renfermant dans 400 cc lb cc de carbonate 
de guanidine a 8"/„ et 50 cc de tartrate d’ammonium de concentration mentionn£e, 
puis une solution a 1“/,, d’azotate d’ammonium. 



SUR LA STABILITY 

DES PYRROLONES VIS-A-VIS DE L’EAU 

par R. LUKES. 


Dans mes travaux anterieurs *) j’ai montre comment on peut arriver 
aux pyrrolones de formule generate 

CU - C—Jt 
I >N('H, (I), 

Cli»—CO 


oil It designe un groupe soit alcoyle, soit phenyle. Coniine une des 
proprtetes caracteristiques de ces corps, j’y signale leur faculte de 
fixer I’eau en donnant des derives 5-hydroxypyrrolidoniques (II) qui 
regenerent la pyrrolone initiale lors de la distillation. Si nous envi- 
sageons les pyrrolones comme des derives oxo des 4,-pyrrolines, 
cette hydratation et deshydratation est analogue a I’hydratation et 
la deshydratation des pyrrolines a cela pres que les derives de 
la 5-hydroxypyrrolidone (II) ne sont pas identiques aux amides cycli- 
ques respectifs des acides j-cetoniques-) voire tneme pas tautomeres 
d’elles, tandis que les 2-hydroxypyrrolidines sont tautomeres des 
r-aminocetones. y ) Cette analogic se laisse exprimer par les schemas 
parallels suivants: 


t'H —0—It 

>AT67/.. 
C7/ 2 —674 
h-pyrroline 


OH 




OH,—('—It 
| ">NCH,. 

CIL-fUt 
«-hydroxypyrrolidine 


est tautomere de 


OIL—CO—It 
CHz—CIL—NHCH.. 

r-amino-cetone 


3 
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CH - -C— 

! > 

ClI.,—CO 


-H 

NCU, 


pyrrolone 


OH 


+ U,o 

- H.n 


GH« — C—11 
| ' yNCAl, (11) 
CH S —CO 
«-hydroxy pyrrolidine 


n’est pas tautomere de 


Cli» — ('0—R 

I 

('1C—(JONH 0H-. 
amide d’acide 
j , -cetonique 


Chez les pyrrolones preparees par d’autres auteurs, aucune mention 
n’est faite de cette propriete. Cette remarque s’applique notamment 
a la diph£nylpyrrolone 4 ) (Ill), aux triphenylpyrrolones (lV) ft ) et (V), tt ) 
it la t6traphenylpyrrolone (VI) 7 ) et ses derives jV-alcoyles, ainsi qu’aux 
ethers des acides 5-methyI-l-alcoylpyrrolone-(2)-carboniques (VII):*) 


C C—CJC, 

| 'yNit 

OIL—CO 

(in) n il, (iv) 


ojh 


('ll — C- 
| >JV/| 

(<\Hr)J’ CO 

(V) 


OJh-C--M~('«H r , 
t >N1I 
(C ( Jf.)J'—CO 
(VI) 


rJI- 1 O.CO.C---C—CU s 
| >NCH.. 
('ll .,—co 
(VII) 


Au cours de 1’etude ulterieure des derives de la dite s£rie j’ai 
prepare deux pyrrolones tout-a-fait stables vis-ik-vis de 1’eau, et qu’on 
peut faire bouillir avec I'eau pendant plusieurs heures sans qu’une 
proportion perceptible en passe a I’etat hydrate. Dans leur solution 
bouillante elles cristallisent ensuite inalterees, et I’evaporation des 
eaux meres donne, elle aussi, un produit identique au corps initial. 
Ce sont la l-methyI-5-benzylpyrrolone (2) (VIII) et le l-m6thyIpyrroIone- 
(2)-acetate d’ethyle (IX). Je m’effor^ais, il est vrai, d’introduire dans 
le noyau pyrrolonique encore les groupes — CH,, — CH—CH Z et 
— CH. 2 —('0 -CH s , mais ces tentatives n’ont pas abouti jusqu’ici 
A un resultat positif. 


(VIII) CH^C- 

i : 

CHo—CO 


-CH* — (\llf, 
■NCH n 


( II --C—C1I. Z C00( ' 2 // 5 

I >N(’H, 

OIL—CO 


(IX) 


Le premier de ces corps, la l-methyl-5-benzylpyrrolone-(2) prend 
naissance dans Taction du chlorure de benzylmagn£sium sur l’2V-m€thyl- 
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succinimide sans qu’on puisse saisir le produit intermediate hydroxyls, 
comme c’est le cas dans Paction analogue des halogenures d’alcoyl- 
ou aryl-magn£sium. Par ebullition prolongs avec les acides mineraux 
elle fournit I’acide <5-ph6nyllevulique. Etant donne qu’on peut obtenir 
cette pyrrolone sk partir de la methylsuccinimide avec un rendement 
d£passant 80% du rendement theorique, et que sa transformation 
en acide <5-phenyllevulique est quantitative, cette suite de reactions 
constitue la meilleure preparation de ce dernier acide cetonique. 

Le l-m6thylpyrrolone-(2)-5-acetate d’ethyle se forme a partir de 
la methylsuccinimide et du bromoacetate d'ethyle par I’action du zinc. 
Le dedoublement hydrolytique de cette pyrrolone devrait donner, 
a cot£ de la methylamine et de I’alcool, l’acide /?-cetoadipique (X). 
A sa place apparaissent toutefois les produits de sa scission conduisant 
aux acides et a la cetone correspondants, c’est-a-dire d'une part les 
acides ac£tique et succinique, d’autre part, l’acide levulique et le gaz 
carbonique: 


rn s N< I 

CO ('ll.. 


110, CO. Clin -r 110. CO. CIf, 

I 

no.co.cn. 


c,it.on + no. co. cn,. co. < ’it, / 

i " ( 

(' n s NH, + no . co. cn, \ 

(X) ’ " (, o, f ('ll,.co.cn, 

no.co.cn. 


Dans le cas de mon l-methylpyrrolone-(2)-5-acetate d’ethyle (IX) 
et du l-alcoyl-5-methylpyrrolone-(2)-4-carboxylate d’ethyle prepare par 
Emery, il s’agit sans doute d’une analogic avec Paminocrotonate 
d’ethyle: 

CH,—( '= CII. ('0.0C.JC, 

I 

XII, 

ou le groupe amino est stabilise grace a Paction du carboxyle en ji 
par rapport au carbone porteur du groupe Nil,. II est Evident que 
chez les pyrrolones le groupe phenyle exerce, dans cette position, 
une influence pareille. II s’ensuit que parmi toutes les pyrrolones 
connues jusqu’i present seule la’ triphenylpyrrolone (V) est capable 
; de fixer Peau. Que ce fait ait pu echapper, malgre cela, ft l’attention des 
[chimistes, cela doit €tre ramen£ a la grande insolubility de la triph£nyl- 


3 * 
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pyrrolone, et qui, sans pouvoir empecher totalement la fixation de Peau, 
peut neanmoins la ralentir d’une maniere considerable, ainsi que je 
I’ai observe chez la l-methyl-5-phenylpyrrolone-{2). 8 ) La question de 
la stabilite des pyrrolones vis-ii-vis de I’eau parait etre liee k la facility 
de formation des pyrrolones 4 partir des lactones non saturees; 
elle fera Pobjet d’une recherche ulterieure. 

Partie experimentale. 

l-Methyl-5-henzylpyrrolone - (2). 

A une solution de 113#rde methylsuccinimide dans 1 litre de benzene 
on a verse goutte a goutte le magnesien obtenu a partir de 250 gr 
de chlorure de benzyle dans 1 litre d’ether et de 48 gr de magnesium. 
Apres 2 jours, le melange a ete decompose par 1 kg de glace et 
200 gr d’acide chlorhydrique concentre, ce qui a conduit & un liquide 
parseme d’un produit cristallise. Sans tenir compte des cristaux, la 
couche benzeno-etheree a ete separee, les cristaux ont ete repris dans 
du benzene, et, apres ecartement du solvant par distillation, le residu 
a ete distilie dans un courant de vapeur jusqu’a ce qu’il ne passat 
plus de dibenzyle. Le residu dans le ballon distillatoire a ete cristallise 
dans l’alcool jusqu’a la stabilisation du point de fusion a 100°. Grace 
a un travail systematique des eaux meres on a fini par obtenir en 
tout 155 gr produit pur, soit 83% environ du rendement theorique. 

Analyse: 

Substance: 02584 gr, 14440 mgr, (’0 2 0-7260 gr, HJ) 01654g/-; 

% 0-958 cc (743 mm, 21°). 

t\. 2 Hy,ON (187-1): Calcuie O 77‘0%, 11 7'0%, A T 7'5%. 

Trouve (7 76-6%, 11 T2°j 0 , N 7 5%. 

Dedoublement hydrolytique, — lO^r de pyrrolone sont chauff6s 
avec 100 gr d’acide sulfurique a 10% pendant 3 heures a reflux. 
Pendant cette operation la pyrrolone se transforme en une huile in- 
cristallisable. Elle est dissoute dans une lessive alcaline, debarrass6e 
des impuretes neutres eventuellement presentes par epuisement 
a l’ether. La solution alcaline separe par I’acide chlorhydrique I’acide 
<5-phenylievulique a 1’etat d’une huile devenant cristalline au bout de 
quelques jours. (Lors de la preparation ulterieure l’acide cristallisait 
immediatement apres sa mise en liberte.) La recristallisation a ete 
effecluee dans l’alcool absolu par addition d’ether de petrole chaud. 
Le point de fusion a ete trouve a 56°, la litterature 10 ) donne 55—56°. 
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Dosage du carboxyle: 

0 7572 gr d’acide ont consomme 20'0 cc de NaOH Nj 5. 
(\ 0 H n COOH: Calcule 23-9% de COOH. 

Trouve 23 , 7% de ( '00/7. 

1-MethylpyrroIone-(2)- 5- acetate d’ethyle. 

Une serie d’essais de condensation a ete effectuee d’une part en 
faisant varier le rapport methylsuccinimide/bromoac£tate d’ethyie, 
d’autre part, en operant soit sans dissolvant, soit avec de I’essence. 
Toutefois, dans aucun cas le rendement ne d^passait 20% du ren- 
dement th6orique. 

Exemple: Un melange de 165 gr de bromoacetate d’ethyie et de 
\\3gr de methylsuccinimide fut chauffe, au bain-marie et ii reflux, 
avec un peu de rognures de zinc. Aussitot que la reaction eut cess£ 
d’etre violente, on ajouta une nouvelle portion de zinc, et ainsi de 
suite jusqu’ck ce que le zinc ne produisit plus de reaction. On ajouta 
ensuite la quantity de zinc necessaire pour completer 80 gr, puis on 
chauffa le tout pendant 10 heures dans un bain-marie bouillant. Le 
melange reactionnei fut decompose par de 1’eau acidulee au moyen 
d’acide ac£tique, puis epuisti au benzene. Apres qu’on eut chasst: le 
solvant, on obtint une huile s£parant bientot des cristaux aciculaires. 
Recristallises dans le benzene ou dans l’eau, ils fondent S 123°. 

Analyse: 

Substance: 04026 gr, 02106^/-; CO, 0-8710 gr, It/) 0-2574 £r; 

N, 14 3 cc (744 mm, 14°). 

(\H n O :l N: Calcule V 59*0%, H 7‘2%, N 7-7%. 

Trouv<§ V 59*0%, //7’2%, N 7-8°/,,. 

Dedoublement hydrolytiquc. — Le JV-methylpyrrolonoacetate d’ethyie 
a et£ chauffe k lfebullition avec un exces d’eau de baryte. Les vapeurs 
et gaz d6gag£s ont ete absorbes, apres refroidissement, dans H,SO k 
Nj5, et ce dernier a 6te retitfe au moyen d’alcali. De ce liquide neutre 
on a chasse par distillation 1’alcool, dont on a ensuite determine la 
density. 

Substance: consommation de // 2 5'0 4 N /5 84-14 cc, 
alcool: 50-091 cc de density 0-997, soit 1-5%. 

Calcule 0-5276 gr de NH 2 CII S , 0-78 d’alcool. 

Trouv6 0-5224 gr de NH/JH a , 0*75 d’alcool. 

La solution alcaline resfee dans le ballon distillatoire renfermait 
un pfecipite. Aprfes essorage, on l’a dissous dans J’acide chlorhydrique, 



le baryum a EtE elimine aussi exactement que possible par H 2 SO it et 
le filtrat a ete evapore a sec. Le residu cristallisE se laissait sublimer 
et recristalliser, apres quoi il fondait a 183°, ce qui Concorde avec 
le point de fusion de l’acide succinique. 

Le filtrat apres Elimination des sels de baryum insolubles a Ete privE 
de I’exces de par C0. 2 , puis, apres nouvelle filtration, il a EtE 

concentre a 100 cc environ. Le baryum a Ete ecartE par // 3 .S'0 4 et le 
filtrat a ete rEduit, par distillation, a un tres faible volume. Le distillat 
consomma a la neutralisation 18 cc de NaOII N/5, ce qui correspond 
h 0-216 gr d’acide acEtique, supposant que I’acide lEvulique contenu 
dans le ballon distillaioire ne soit pas entrainE avec la vapeur 
d’eau, et, au contraire, que la totalite de l’acide acEtique passe tors 
de la distillation. La solution d’acetate de sodium obtenue par titrage 
a EtE transformee en acetate d’argent qui a EtE soumis a Panalyse. 

Substance: 00762 gr. Ag 00489 gr. 

<'U n .C0,Af/: CalculE Ag 64-6%. 

Trouve Ag 64'3"/ 0 . 

L’acide lEvulique restE dans le ballon distillatoire a ete neutralisE 
par NaOII N/5. La solution de levulate ainsi obtenue et concentrEe 
a consistance sirupeuse a EtE additionnEe de la quantitE correspon- 
dante de chlorhydrate d’hydroxylamine.ll se sEpara l’oxime lEvulique 
qui, apres recristallisation dans le benzene, fondait k 96° et ne mon¬ 
trait pas de depression du point de fusion apres mElange avec un 
produit temoin. 


Inst it ut de Chitnie crganique 
a VEcole Polytechnique tcheque de Prague 
(Tchecoslo vaquie). 
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SUR LA CONSTITUTION 

DE L’ACIDE METHOXYSYLVANE-CARBONIQUE DERIVE 
DE L'ACIDE 5-CETORHAMNONIQUE *) 

par E. VOTOCEK et S. MALACHTA. 

Dans un memoire anterieur,**) nous avons montre que Taction du 
gaz chlorhydrique sur une solution de lactone 5-cetorhamnonique 
dans Talcool methylique anhydre donne naissance ft un corps U 8 // 10 O 4 
constituant Tether methylique d’un acide methoxy-a-methylfurfurane- 
carbonique (methoxysylvane-carbonique). Les positions du m£thyle et 
du carboxyle dans ce corps derivaient de la constitution du corps 
initial, c’est4-dire de la lactone 5-cetorhamnonique. 11 n’en etait pas 
ainsi de la position du groupe methoxyle, pour lequel etaient, k priori, 
possibles deux positions, ft ou ft', comme le font voir les deux 
formules de structure suivantes: 

011,0. C—Cll ft CH—( ’. OCIL, ft' 

!! II II II 

('Ha.a c.com r r.co 2 J! 

■ 0 "'()'■ 

D’une maniere provisoire, nous avons admis pour le methoxyle 
la position ft' par rapport au carboxyle, ce que semblait justifier la 
facile formation de ce methoxyle, rappelant celle de Tether 6thoxy- 
crotonique dans Taction du gaz chlorhydrique sur une solution 
alcoolique de Tether acetyloac£tique. II est evident que nous n’avons 
aucunement pu considerer cette supposition comme etant une preuve 
definitive de la structure de notre acide methoxysylvane-carbonique. C’est 
pourquoi nous nous sommes efforce, dans Tetude ulterieure de l’acide 
en question, d'etablir la position respectivement du methoxyle ou de 
Toxhydryle par dedoublement de notre corps en derives plus simples 
et de structure connue. Ce probleme, nous avons en effet reussi k le 
resoudre, ainsi que Ton verra par ce qui suit. 

*) Memoire presente a la Ceska Akademie ved a umeni (Academie tcheque 
des Sciences et des Arts) le 5 tevrier 1932. 

•*) Collection 1929, I, 449. 
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Avant tout, nous avons essaye de rompre 1’anneau furanique de notre 
acide m£thoxysylvane-carbonique de la maniere employee en son 
temps par Harries qui, en faisant agir sur le sylvane une faible 
quantity d’acide chlorhydrique en milieu d’alcool methylique anhydre 
(tier. 31, 41), obtient, avec un bon rendenient, l’aldehyde levulique 
sous la forme de l’ac6tal correspondant: 

CH—CH <H t —riI, 

ll II ~” II OCHu 

Clf R . <7 OH OH* ■ CO CH< 

Toutefois, ce procede n’a pas donne le resultat voulu dans notre cas: 
il ne se produit aucune scission mais tout simplement une etherification 
de notre acide methoxysylvane-carbonique, pas meme alors que le 
chauffage avec le gaz HCl dans I’alcool methylique est prolonge 
pendant 20 heures. 

Par centre, nous avons abouti au resultat desire par une autre 
voie sur laquelle nous avons ete amenes par I’observation suivante: 
Lors de la saponification de Pettier methylique de l’acide methoxy¬ 
sylvane-carbonique par la potasse caustique avec mis en liberty ulte- 
rieure de I’acide carbonique au moyen d’acide chlorhydrique dilu6, 
nous avons plus d’une fois observe qu’une acidulation excessive 
par Pacide mineral exergait une influence defavorable sur le rendement 
en acide carbonique en le rabaissant quelquefois jusqu’au-dessous de 
50 u /o du rendement theorique. Outre cela, nous avons reconnu qu’en 
pareil cas le filtrat apres I’acide carbonique reduisait fortement la 
liqueur cupropotassique et donnait avec la phenylhydrazine un trouble 
rappelant la formation des osazones. 

II rSsultait de ces observations que I’acide chlorhydrique determine 
dans les solutions aqueuses une decomposition de l’acide methoxy¬ 
sylvane-carbonique. Cette decomposition, nous nous mimes & l’£tudier 
d’une maniere approfondie sur l’acide methoxyle pur (fraichement 
cristallise) en le chauffant avec de I’acide chlorhydrique N/ 5. Apres 
une heure et demie de chauffe avec refroidissement ulterieur, il se s£para 
une huile lourde et la couche aqueuse se montra reductrice vis-lt-vis 
de la liqueur cupropotassique et donnait une coloration rouge cerise 
avec le chlorure ferrique. 

Dans nos premiers essais, nous n'avons pas essaye d’isoler le 
produit huileux, mais le traitions immediatement par de la baryte 
caustique en solution concentre bouillante. La reaction fit deposer un 
precipite blanc qui s’est r<§v£!6 etre de l’oxalate de baryum. Le liquide 
aqueux, priv£ de I’oxalate de baryum par filtration et du baryum en 
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solution par la quantity juste necessaire d’acide sulfurique etendu, 
separa par addition de ph4nylhydrazine un corps difficilement soluble 
de composition C W H W N 4 et fusible & 243", dans lequel nous avons 
pu reconnaitre l’osazone du diacetyle. 

Dans les essais ulterieurs, nous avons tach6 de saisir k 1’etat pur 
le produit huileux intermediaire du a Taction de I’acide chlorhydri- 
que. A cet effet, nous l’avons retire du iiquide r£actionnel au moycn 
d’ether, nous avons s£ch£ 1’extrait £there par du sulfate de sodium 
anhydre, puis distille sous pression reduite au-dessous de 2 mm 
de mercure. 

L’huile obtenue nous a donne, par une nouvelle distillation sous 
12 mm de mercure, un distillat dont la majeure partie passait soit 
entre 63 et 64°, soit — si le produit avait ete conserve pendant un ou 
plusieurs jours — entre 156 et 158°. D’apres Panalyse elementaire, 
qui conduisait a la formule <V 5 // 6 0», ce produit renferme un methyle 
et un CO., en moins que l’acide methoxysylvane-carbonique initial, 
en d’autres termes il constitue un sylvane monohydroxyle. En effet, 
un dosage de methoxyle, op£r£ par le precede Zeis el, a verifie 
1’absence de 0011%. D’autre part, lorsque I’hydroxysylvane obtenu 
a 6te traits par la baryte caustique bouillante, il ne se scparait plus 
d’oxalate de baryum, mais le Iiquide reactionnel donnait, par acticn 
de la phenylhydrazine, la meme osazone de diacetyle qu’apres le 
dedoublement cite plus haut. Comme auparavant, I’osazone a du se 
former, ici encore, a partir de Yacetoine ayant pris naissance dans 
la decomposition par la baryte caustique du produit intermediaire 
demethyle ainsi que 1’illustrent les schemas suivants: 


HO.C ('ll 


CH .. C 


\0 

Vll 


i~ 


H. z 

0 


a. com 


ii 


j+ OH 

0.0—CE a 

I 

011%. CH. OH 
HO—O—CH 


110—O—O U% 


par ba>{( >II£ , (Iff (7 


L ( 0 / 1-r-^O 

' '"- 0/7 ' ^OH 


OH 


par H,jV. 

- - 2 It 


('Hz—CNNHCHh 

I 

CH S — C—NNHC 6 Hz 
HO—C—CE 
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OH a .C CH 
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HO—C CH H 

|i i **2 

11 . 0 ' 


cn.,. n 


-o 


CH 


par 


ho—c—cil a 

I! 

Clh. C—OH 


+ Ht'C 


0 

OH (?) 


H + OH 


Ainsi que nous le niontrent les formules ci-dessus, la formation 
de l’acetoine n’est comprehensible qu’en admettant dans l’acide methoxy- 
sylvane-carbonique le methoxyle non pas en /?' mais en /?, ce qui 
constitue la preuve convaincante de la structure de l’acide en question. 

Dans le meme sens que par traitement consecutif au moyen d’un 
acide mineral et de la baryte caustique, I’acide methoxysylvane-car- 
bonique se decompose pendant sa conservation a la lumiere. En voici 
la preuve: Un echantillon conserve, en vase de verre clos, pendant 
3 mois a la lumiere diffuse, se liquefia et fournit par la phenylhydrazine 
egaiement I’osazone de diacetyle. 

Avant de terminer, disons que nous avons reussi a perfectionner 
la preparation de 1’acide methoxysylvane-carbonique en ce sens qu’il 
n’est plus necessaire d’isoler le produit immediat de la reaction entre 
la lactone 5-cetorhamnonique, I’alcool methylique et le gaz chlor- 
hydrique, c’est-a-dire I’ether methylique de I’acide m^thoxysylvane- 
carbonique. II suffit, en effet, de saponifier le liquide reactionnel 
(renfermant le dit dther) directement par la lessive alcaline, ce qui donne 
l’acide methoxysylvane-carbonique avec un rendement d’environ 87°/o- 

Afin de caracteriser I’acide methoxysylvane-carbonique, nous en 
avons prepare la ph^nylhydrazide. Elle forme des cristaux fusibles 
entre 130 et 131°. 


Partie expdrimentale. 

Action de 1’acide chlorhydrique sur I’acide methoxy¬ 
sylvane-carbonique. 

Parmi plusieurs essais concordants, dans lesquels nous decom- 
posions I’acide methoxysylvane-carbonique au moyen de HCl N/5, 
nous nous bornons ici I en decrire un seul: 

16 gr d’acide methoxysylvane-carbonique furent chauffds, si l’^bul- 
lition et a reflux, avec 80 cc de HCl N/5 pendant 2 heures. L’acide 
cristallisg initial entra en solution et ne se s6para plus lorsque, k la fin 
de Pexperience, le liquide reactionnel fut refroidi. A sa place apparut un 
produit huileux soluble dans un exces d’eau et qu’on a 6puisi k l’ether- 




Apres ecartement du solvant par distillation, i’huile residuelle se trans¬ 
forma, au bout d’un jour, en une masse solide d’aspect vitreux. 

Void ses proprides : Le corps reduisait la liqueur cupropotassique 
deja ci froid, se colorait en rouge cerise intense par le chlorure ferrique, 
en rouge par la potasse caustique. Nous avons essaye de determiner 
son acidite par titrage au moyen de la soude caustique, sans toutefois 
pouvoir obtenir des resultats exacts, car la solution aqueuse se colorait 
deja sous l’influence de I’alcali, ce qui rendait impossible l’dablissement 
du point de virage. Le dosage du methoxyle par le procede Zeisel 
a montre que Taction de Tacide chlorhydrique JV/5 determine la d£- 
mdhylation de la majeure partie des groupes methoxyle. En effet, le 
produit n’accusait plus que 1 '72% de (OCH s ), alors que Tacide methoxy- 
sylvane-carbonique en demande theoriquement lQ*75°/ 0 . En compa- 
raison de Tacide methoxysylvane-carbonique initial, ce produit, prive 
en majeure partie de son methoxyle, donne la reaction de Lieben 
avec plus de facilite: trails par AT et NaOII il donne un precipite 
abondant d’iodoforme deja a la temperature ordinaire. 

Ainsi qu’il sera montre plus bas, notre produit est essentiellement 
forme par Tacide hydroxysylvane-carbonique avec une faible pro¬ 
portion d’acide methoxy echappe a la deniethylation. 

Action de I’eau de baryte sur Tacide hydroxysylvane- 

carbonique brut. 

Le dedoublement k la baryte a ete effectue soit directement sur le 
liquide obtenu en chauffant Tacide methoxysylvane-carbonique avec 
IICl N/5, soit sur le produit huileux extrait a Tether de ce liquide. 
L’eau de baryte employee, sans etre saturee a chaud, n’en renfermait 
pas moins plus de Ba(OH\ que les solutions saturees a la tempe¬ 
rature du laboratoire. Nous en avons ajoute autant qu’il faliait pour 
que Talcalinite se maintienne meme apres 1 minute d’ebullition. L'ebul- 
lition terminee, le liquide rdactionnel a ete refroidi, le sel de baryum 
depose a ete separe par essorage et purifie par broyage avec de Teau. 
Les eaux meres apres ce precipite cristallin ont d’abord ete privees 
de leur baryum en ajoutant de Tacide sulfurique dilue jusqu’a obtention 
d’une reaction legerement acide, puis filtrees. 

Phenylosazone de diacetyle. 

Les echantillons du liquide aqueux renfermant le produit forme 
dans le dedoublement & la baryte donnaient par la phenylhydrazine un 
precipite rappelant les osazones. C’est pourquoi nous avons poursuivi 
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la reaction sur une quantite un peu plus grande de ce produit, obtenue 
par scission barytique de 8 gr d’acide methoxysylvane-carbonique. 
AprEs addition de 16.gr de phEnylhydrazine, le melange a EtE chauffe 
au bain-marie pendant 1 heure. Le derivE phenylhydrazinique, mou 
d’abord, mais devenant solide plus tard, a EtE purifiE par Ebullition 
avec de Palcool a 96%. II pesait 09 gr et fondait d’abord & 243°, 
puis, apres recristallisation dans le benzene bouillant, a 247°. Le produit 
est identique a la phenylosazone du diacEtyle; en effet, le produit 
temoin preparE a partir du diacetyle presentait le meme point de 
fusion de 247°. Ajoutons que nous plongions le tube capillaire ren- 
fermant la substance dans un bain porte prEalablement a 220°. Dans 
la literature, on donne 243 — 244° comme point de fusion maximum 
de la phenylosazone de diacEtyle (Balcom). 

Analyse elementaire (effectuee sur un produit provenant d’une 
autre prEparation): 

Substance: I 0l034.gr, CO., 02726 gr, U.,0 00638 gr. 

II 00736 gr, Col 0-1937.gr, lllo 0-0469 gr. 

Calcule C 72-13%, H 682%. 

Trouve I C 71-90%, H 6-90%. 

II f 71-78%, H 7-12%. 

Dosage d’azote: 

Substance: 00921 gr, N 17-1 cc (19° 733 mm). 

<\ n H iH N 4 : Calcule 21-05%,. 

TrouvE N 20-46°/,,. 

Acide oxalique. 

Le sel de baryum brut obtenu dans le dEdoublement barytique 
a EtE purifie par broyage avec de I’eau bouillante, puis essorE et 
sEche. L'addition de la quantite calcuIEe d’acide sulfurique a mis en 
liberte un acide organique qui se dEposait de la solution concentrEe 
par Evaporation sous forme d’aiguilles atteignant jusqu’fk % cm de 
longueur. 

Le corps fondait a 100° et n'abandonnait pas de rEsidu noir lors 
de la calcination. Ces propriEtEs, ainsi que le titrage et {’analyse 
Elementaire, firent voir qu’on est en prEsence d’acide oxalique. 

Dosage du carboxyle par titrage: 

Substance: 0-1262 gr, consommation de KOH 0-1074 gr. 

. 2 1I 2 0: Consommation calcuIEe 0*1124 gr. 

Consommation rEelle 0-1074 gr. 
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Analyse Elementaire: 

Substance: 01836 gr, C0 2 O'1267 gr, 1I 2 0 0-0784 gr. 

W,. 2 H 9 0: Calculi C 19 04%, II 4*79%, 0 76-17%. 

TrouvE r 18-82%, 7/ 4-77%, 0 76-41%. 

Decarboxylation del’acidehydroxysylvane-carbonique 
par distillation. Hydroxysylvane. 

Nous l’avons operEe d’une part par distillation a la pression ordi¬ 
naire (1), d’autre part, en distillant sous pression fortement dimi- 
nuee (II). Dans l’une des deux premieres distillations nous avons 
retenu dans la potasse caustique I’acide carbonique degage dans 
la reaction. 

I. L’acide hydroxysylvane-carbonique obtenu a partir de 1 b gr 
d’acide methoxy a Ete soumis a la distillation sous pression ordinaire. 
Des fractions suivantes ont EtE recoltees: Une premiere, distillant 
entre 60 et 100°, une deuxieme, passant de 100 ^ 140° (la temperature 
se maintenait ici assez longtemps entre 100 et 105°), une troisieme, 
passant entre 140 et 180". Jusqu’it 180° on n’a observe aucune for¬ 
mation de fumees. La fraction residuelle etait assez considerable et 
se prit par refroidissement en une masse solide. Les fractions deuxieme 
et troisidme ont fini par donner, par de nouvelles distillations, une 
portion distillant k 154° (sous pression ordinaire). 

Analyse elementaire: 

Substance: I 0-1494 gr; CO, 0*3330 £/•; H,0 0 0852 gr. 

II 0-1511 gr; r0 2 0 3361 gr; ILO 0'0848 gr. 

r-// c O,: Calculi C 61-19%, II 617%, 0 32-64%. 

Trouve I C 60-78%, // 6*38°/,,, 0 32 84%. 

II r 60-66%, H 6-27%, 0 33’07%. 

Pour nous assurer que la composition de Phuile analysee est 
constante, nous l’avons soumise a une nouveile distillation, cette fois-ci 
sous pression rEduite. Elle passait entre 63 et 64° sous 12 mm de 
mercure. L’analyse elementaire du produit ainsi redistillE a verifie 
qu’on Etait en presence d’un corps pur, elle a fourni en effet des 
chiffres concordant avec ceux obtenus auparavant. 

Analyse ElEmentaire: 

Substance: 0-1744 gr; CO., 0-3896 gr; 11 2 0 0-0988 gr. 

(7 r> 7%0„: Calculi C 6119%, II 617%, 0 32-64%. 

Trouve C 60-92%, H 6-28%, O 3280%. 
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Nous avons dos£, en oulre, le groupe oxhydryle de notre produit 
par le precede Cerevitinov, mais les resultats 6taient anormaux, 
car la valeur trouvSe etait de 6'65% de OH, alors que la valeur cal- 
culee pour 1 011 dans une molecule %// 6 0 2 exige 17-37%. II se 
peut que le corps hydroxy se transforme partieltement dans la forme 
tautomere carbonyle. Les analyses elementaires s’accordent a montrer 
que la distillation a eu pour effet le detachement du carboxyle sous 
forme de gaz carbonique: 

%/7«0 4 - %//«0 2 + CO,. 

La nature du gaz degage a 6td etablie qualitativement au moyen de 
l’eau de baryte, puis, dans une autre distillation sous pression ordinaire, 
le gaz carbonique a ete absorbe dans la potasse caustique. II est vrai 
que la totalite de C0. 2 calculi n’a pu etre trouvee, car au d£but de 
la distillation le dedotiblement etait tres violent. 

II. L’acide hydroxysylvane-carbonique provenant de 10 gr d’acide 
methoxy a ete distille sous pression reduite a 2 mm. Ajoutons qu’au 
cour de la distillation les vapeurs degag£es firent monter la pression 
a 10 -12—14 mm. La fraction brute principale nous a fourni, par une 
nouvelle distillation sous 12 mm, une portion passant entre 156—158° 
dont la composition £tait de nouveau C f) // W 0 2 , tout comme pour la 
fraction bouillant entre 63—64° obtenue dans la preparation I. 

Nous pensons que les deux produits, C :t H 6 0, sont dans le rapport 
de polymerie, et nous ne manquerons pas de verifier cette »hypo- 
th£se de travail« par des determinations du poids moleculaire des 
corps en question. 

Analyse etementaire du produit distillant entre 156 et 158° sous 12 mm: 

Substance: 1 0-2794 gr; 00 2 0-6235 gr-, H 2 0 01555 gr. 

11 0*1878 gr; CO, 0-4216^; 01036 gr. 

%7/ 6 0 8 : Calcule C 6H9%, II 6-17%, 0 32-64%. 

Trouvg I C 60-86%, H 6-22%, 0 3292 %. 

II V 61-23%, H 6-17%, 0 32-60%. 

La forme a point d’ebullition elev6 du corps C^H^O, donne, elle 
aussi, des valeurs anormales, c’est-a-dire trop faibles, lors du dosage 
de l’oxhydryle par le proced£ Cerevitinov. En effet, nous avons 
trouve 6-29% de OH, tandis que la theorie pour 1 OU dans W 
en exigerait 17-37%. 

Le corps C ; JI n 0 2 & point d’ebullition 156—158° n’est certainement 
plus un derive methoxyle. Nous l’avons verifie de faqon directe par 
la m6thode de Zeisel qui n’a fourni aucune trace d’iodure d’argent, 
ce qui prouve I’absence de groupes methoxyle. 
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Scission de l’hydroxysylvane par la baryte. 

16 gr de produit distillant 4 156° sous 10 tnm ont ete portes 
k l’ebullition avec 4 fois leur poids d’eau, puis additionnes d’eau de 
baryte concentree jusqu’& obtention d’une alcalinite persistante. Le 
liquide prenait d’abord une couleur jaune, puis rouge, et finit par 
devenir cerise. L’huile initiale entra entierement en solution. Apres 
un court chauffage, le liquide a ete refroidi (sans donner de pr£ci- 
pite), puis debarrasse, au moyen de II.,S0 4 a 20%, de 1’ion JJa", et 
iegerement acidule par le mSme acide. Le filtrat apres le sulfate de 
baryum a ete traite par de la phenylhydrazine fraichement distillee, 
dont on a ajoute 5-3 gr, soit 3 molecules (calcule sur l’hydroxysylvane 
mis en reaction). Apres 1 heure de chauffage dans un bain-marie 
bouillant, le produit phenylhydrazinique solide a ete essore, puis purifie 
par ebullition avec de falcool k 96% chaud. II formait de menus 
cristaux jaunatres fusibles entre 246 et 247° (apres immersion du tube 
capillaire dans un bain chauffe prealablement k 220°). 

Dosage d’azote: 

Substance: O’1576 gr\ N 29 0 cc (XT', 732 mm). 

C u> IT^N 4 : Calcule N 21'05%. 

Trouv6 N 20-45%. 

Decomposition de 1’acide methoxysylvane-carbonique 
pendant la conservation a la lumiere. 

L’acide cristallise a ete abandonne, en vase de verre clos, pendant 
3 mois a la lumiere diffuse du laboratoire. II finit par se liquefier. 
Ainsi decompose, il fournissait, lui aussi, la phenylosazone de diacetyle 
sous I’action de la phenylhydrazine: 

1*2 gr de produit liquefie, 2 cc d’eau, 2 cc d’alcool, 08 gr de 
phenylhydrazine. 

Au bout d’une heure de repos a la temperature du laboratoire, 
le liquide fit deposer une tres faible quantite (0 - 01 gr) d’un produit 
fusible entre 164 et 165°. Le filtrat apres ce produit, chauffe au bain- 
marie, fournit une quantite plus considerable d’un derive phenyl¬ 
hydrazinique qui, purifie par une cristallisation dans le benzene, 
fondait entre 243 et 244° et renfermait d’azote autant qu’il fallait pour 
la phenylosazone de diacetyle. 

Dosage d’azote: 

Substance: 0' 1083 N 19 8 cc (21°, 743 mm). 

C u H u N 4 : Calcule N 21-05%. 

Trouve N 20-23%. 
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Procede j> e r f e c t i o line pour Fobtention d e F a c i d e 
in e t h o x y sy I v a n e-c a r b o n i q u e a parti r de la lactone 
5-cetorhamnoniq ue. 

Dans 400 cc d’alcool mcthylique sature de gaz chlorhydrique 
sec on introduit d*un seul coup 85 gr de lactone cetorhamnonique, 
apres quoi on abandonne le tout a la temperature ordinaire. Le jour 
suivaut, le liquide reactionnel est verse dans 1 litre d’eau, puis addi- 
tionne de potasse caustique a 50% jusqiTa aicalinit£ durable (indicateur 
phenolphtaleine). On cliauffe ensuite a Pebullition jusqu’a ce que 
Unite lliuile soit entree en solution (pour mainienir Palcalinite, il faut 
ajouter pendant cette operation uue faible quantite de potasse). Apres 
refmidissement presqiTa la temperature du laboratoire, on ajoute avec 
precaution de Pacide chlorhydrique dilue (1: 1) jusqu’a reaction juste 
acide. Le liquide refroidi fait deposer des cristaux d’acide methoxy- 
sylvane-carbonique, Fepuisemenl a Tether ties eaux meres en fournit 
une portion ulterieure. Les produits reunis donnent par recristallisation 
dans Teau bouillante 72 gr d'aeide methoxysylvane-carbonique pur 
(p. de f. 158°), ce qui correspond a ST' „ du rendement theorique. 

P h e n y 1 h v d r a z i d c m e l b o x y s > 1 v a n e - c a r h o in q u c. 

A i gr d’acide pulverise on ajoule 2 cc dealt et la quantite 
d'alcool a 06°/,, neeessaire pour amener la dissolution a la tempera¬ 
ture ordinaire. On traite ia solution par 07 gr (1 mol.) de phenyl- 
hydrazine recemment distillee. Le melange s’echauffe faiblcment et ne 
larde pas a scparer de belles aiguilles attcignant jusqtLa 1 cm de 
longueur. 11 finit par se prendre cntierenient en cristaux. On essore, 
on lave par pen d’alcool, on recristallise le produit brut dans Lalcool 
a 60 r 7o bouillant. Ainsi pmifiee, ia phenylhydrazide fond entre 130 
et 131°. 

Dosage d’azote: 

Substance: 01830 gr; A 186 cc (10°, 730 mm), 

X,: Calcuie A 11'38%. 

Trouve A l l*20 ( ' o . 

I fist it at de Chitnie or (rani que 
a I f.cole Polytechnic/ue lcheque de Prague 
(Tchecoslovuquie), 
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SUR LE DOSAGE PONDERAL, ALT MOYEN DE CARBONATE 
DE GUANIDINE, DU GLUCINIUM ET SA SEPARATION 
D’AVEC Fe \ UO:\ Th \ Zr \ 77 , WO { \ MoO’\ VO"', 
CrO, , AsO \ ShO ET Cu \ 

IIL 

I*.ir V J1U K .-1 I. K< Vi \. 

II n’y a pas longtemps, tmib avons decrit dans cette Collection 
nne mettiode dc dosage, au moyen de carbonate dc guanidine, du 
glucinium en presentee d'aluminium, hasee sur ia precipitation en 
milieu de tartrate d'ammonium et d’aldehyde formique. 1 ) 

1! ctait a prevoir que le dit dosage du glucinium sera it possible aussi 
t'n presence d'autres elements non piecipitabies dans les conditions 
signaloes. Ce sont les ions suivauls: Iu"\ Fn : '\ Tl/"\ ZZ"\ IT, II7V > 
J7c'C A<uZ\ Sf>()Z ft et An point de vne pratique, 

e'est surtout la separation du glucinium d’avec 77 ( T/Y"\ Zr"" 

qui presente de I’interet, sans pa Her bien entendu de raluminium dont 
il a deja etc question dans une de nos communications anterieures. 

La marehe suivie dans la separation du glucinium d'avec le s ions 
ci-dessus etait la memo que pour celle du glucinium d’avec ’’alu¬ 
minium. bile offre I’avantage que, a la difference de la pkipart des 
procedes usuels, le glucinium est precipite le premier, tandis que 
dans les autres procedes il est ordinairement dose dans le tiltrat 
('onime dans le dosage en presence d'aluminium, la separation a ete 
elaboree pour des quantites de glucinium ne depassant pas 01 gr 
de (HO . lei encore, I’exees de sds d’ammonium doit etre detruit au 
moyen d'alcali et d’aldehyde formique, parce que le precipite glucinique 
est sensiblement soluble dans le carbonate d’ammonium forme dans 
la double decomposition du carbonate de guanidine par le sel ammo- 
niqtte. Comme il s’agissait uniquement de doser le glucinium, (es ions 
cites plus haul rvont ete determines dans !c filtrat que dans pen de cas. 

SCCration du (IT d’avec Ft". 

Comme pour la paire glucinium-aluminium, cette separation est 
assez p&nible. Dans la plupart des methodes employees jusqu’a 
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present, on determine le glucinium seulement dans le filtrat, c’est-l-dire 
apres 1’elimination du fer. Plusieurs parmi ces methodes constituent 
des precedes par compensation tres marques. L. E. Rivot 2 ) separe 
le glucinium et le fer en se basant sur le comportement different 
de leurs oxydes lors de la reduction au moyen d’hydrogfene. A la 
difference de 1’oxyde de glucinium, 1’oxyde ferrique est reduit par 
l’hydrogene k I’etat de fer metallique, aisement soluble dans l’acide 
chlorhydrique dilu£; la glucine calcinee, par contre, ne se dissout que 
difficiiement dans cet acide. F. S. Havens et F. A. Way'*) basent 
un procede de separation du glucinium et du fer sur la grande vola- 
tilite du chlorure ferrique. P. Jannasch et J. Locke 4 ) operent 
la separation des deux metaux par le carbonate d’ammonium en 
presence de sulfure d’ammonium, ce qui fait que le fer se predpite 
sous forme de sulfure, alors que le glucinium reste en solution. 
Ch. L. Parsons 5 ) se sert du bicarbonate de sodium qui pr6cipite 
le fer, tandis que le glucinium passe dans le filtrat. Dans le m^me 
but, Ch. L. Parsons et S. K. Barnes' 5 ) emploient le carbonate 
de sodium, Th. Scheerer,') le carbonate de potassium; L. Moser 
et J. Singer 8 ) precipitent le fer, en presence d’aluminium, par le tannin 
en milieu ac&ique. M. Schleier, E. A. Aktinson, E. F. Smith 
et R. Burgass 9 ) effectuent la precipitation du fer,-en presence 
d’aluminium, par Pa-nitroso-/?-naphtol. M. Wunder et P. Wenger, 10 ) 
arrivent au meme resultat par un exces de lessive de soude. Toutefois, 
W. Kroll, 11 ) L. Moser et J. Singer 12 ) mettent en doute I’applica- 
bilite de ce procede. M. Nieszner 18 ) separe le fer d’avec l’aluminium 
au moyen d’oxyquinoieine, G. Wyrouboff 14 ) predpite le glucinium, 
en presence de fer, k l’etat d’oxalate double de glucinium et de 
potassium. F. Matatsch ki lf >) obtient leur separation en epuisant au 
moyen d’ether sature de gaz chlorhydrique. 

Dans le travail present, nous proposons le carbonate de guanidine 
pour separer le glucinium d’avec le fer. Ce dernier doit etre present 
sous sa forme trivalente, le fer bivalent est, en effet, predpite par 
le carbonate de guanidine de mSme que le glucinium. Voici comment 
on procede: 

Une solution faiblement acide, le mieux chlorhydrique (si elle 
contient trop d’acide, on s’en debarrasse par evaporation), et ne ren- 
fermant que 0'1 gr de GIO et 015 gr de Fe a O s au maximum, est 
additionnee de 50 cc de tartrate d’ammonium (obtenu en neutralisant 
42*5 gr d’acide tartrique par de I’ammoniaque indicateur rouge methyle 
et en ramenant par 1LO k 2 litres). Apres avoir coupe I’acidite par 
de i’alcali dilue de telle maniere que le liquide reste faiblement acide 
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vis-a-vis du rouge methyle, on ajoute, a froid et en agitant, 150 cc 
d une solution filtree a 4% de carbonate de guanidine, 2*5 cc de for¬ 
maline a 40°/o; P u i- S on ramene le volume, par addition d’eau, a 250 cc 
environ. Le precipite soyeux n’est recueilli qu’aprEs un repos suffi- 
samment prolong^ (de 12 a 14 heures), et cela sur un filtre Schleicher- 
Schiili bande bleue. On le lave, jusqu’a disparition de Cl' ou S0 4 " 
par 200 cc environ d’un liquide de lavage froid renfermant dans 250 cc 
50 cc de tartrate d’ammonium de concentration signage, 150 cc de 
carbonate de guanidine a 4% et 2*5 cc de formaline (sensiblement 
neutre). Le prEcipitE lave est calcine, le mieux dans un petit four 
Heraeus, jusqu’a poids constant, et converti par cela en GIO. 

Dans le filtrat, on peut precipiter le fer par I’hydrogene sulfure; 
le sulfure obtenu est traite par l’acide azotique, et la solution est 
precipitee par I’ammoniaque. 

Les resultats obtenus par ce procede se trouvent reunis dans 
le tableau I. Dans certains cas, la separation du glucinium d’avec 
le fer a Ete opErEe en presence de quantites variables de sels alcalins 
ou de 1 a 2 gr de chlorure d’ammonium qui a ete dEtruit par de I’alcali 
et de la formaldehyde avant I’addition du carbonate de guanidine. 
(Tableau 1., voir p. 90.) 

Separation du Gl" d’avec le Ft". 

Reactifs: 150 cc de carbonate de guanidine a 4%, 50 cc de tartrate 
d’ammonium, 2 5 cc de formaline a 40°/ 0 , volume total 250 cc environ. 

Separation du Gl" d’avec 17 i0 2 ”. 

M. Wunder et P. Wenger 18 ) separent et Be" en milieu 
faiblement acide en precipitant 1’uranium par 1’eau oxygEnEe et en 
dosant le glucinium du filtrat, apres avoir chasse /f 3 0 2 par Ebullition, 
au moyen d'ammoniaque. Le procede servant a sEparer Be" et Ft" 
(voir ci-dessus) se laisse appliquer de meme k la separation du Be" 
d’avec GO./', comme le fait voir le tableau 11. 


T.ableau II. 

Reactifs: comme pour le tableau 1. 


Mis en 

oeuvre 

Trottve Difference 

Le precipite 

Repos 

Liquide 

No. iitqrdt 

mtfr de 

iiu/r 

mgr 

apparait 

en 

de lavage Note 

JtrO 

r 

de Jk <> 

de JirO 

apr£s 

hewres 

en cc 

1 . 22*2 

100 

22*2 

± 0*0 

25 "— 60 " 1 

| 

Liquide 

2 . 44*4 

100 

441 

— 0*3 

20 "— 45 " j 

l 12 

1 

9A0 * ava £ c 

comme dans 

le tableau f» 
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Separation du Gl" d’avec le Th"". 

Pour s6parer Gl" et Th"" d’avec f'e", F. Bourion K ) met a profit 
ia volatility plus grande du chlorure de glucinium et du chlorure 
de thorium dans un courant de S a Cl 2 ; les chlorures passes sont alors 
separ&s par un exces de lessive alcaline. L. Moser et J. Singer 18 ) 
predpitent le thorium en presence de glucinium, en milieu acetique (2%), 
par une solution de tannin, le glucinium du filtrat par l’ammoniaque. 

Ajoutons que la precipitation par le tannin doit etre rep£tee. En 
employant le carbonate de guanidine comme precipitant, et en ob¬ 
servant la marche signalee plus haut lors de la separation d’avec 
le fer, on obtient une separation nette du Gl" et du Th"". Voir a ce 
sujet le tableau 111. 

Tableau III. 

Reaetifs: Comme pour le tableau I. 



Mis en oeuvre 

Trou ve 

Difference 

Le precipite 

Repos 

Liquide 


No. 

inifr de 

mt/r de 

mifr 

mi/r 

apparait 

en 

de lavaue Note 


/.VO 

Th 

de />V0 

de Tied 

apres 

heures 

en «<- 


1. 

22*2 ^ 

100 

223 

+ o-i 

25" — 60 " | 

12 

200 

Liquide 
de lavage 
comme dans 

2. 

44-4 | 


44*5 

+ 0’1 

15" - 50 " | 

1 


le tableau 1. 


Separation du Gl" d avec le XT"'. 

De meme que pour la paire TIT" Be", L. M o s e r et L. S i n g e r VJ ) 
separent le XT'" et le Gl" par le tannin en liqueur acetique et preci- 
pitent le glucinium du filtrat par I’ammoniaque. O. R u f f et E. S t e p h a n -°) 
emploient pour la separation le phosphate d’ammonium en milieu 
d’acide sulfurique a 2%. Le zirconium se precipite a I’etat de ZrP 3 0 7 , 
le glucinium passe dans le filtrat, par l’amnioniaque, sous forme de 
BeNH 4 P0 4 .6 HJ) que Ton transforme en Be,,P 2 0-, par calcination. 

En operant de meme que dans le cas de la paire Be" — FT", nous 
avons obtenu les resultats figurant dans le tableau IV. 

Tableau IV. 

Reaetifs: Comme pour le tableau I. 


No. 

Mis en oeuvre 

Trouve Difference 

Le precipite 

Repos 

Liquide 

rtujr de 

iitffr de 

mqr de 

ini/r de 

se forme 

en 

de lavage Note 


JieO 

//• 

BrO 

JIM) 

apres 

heures 

en cc 

1 . 

n 

100 

21-8 

-0-4 

20"—60" | 

| 12 

Liquide 

99n de lavage 
comme dans 

2. 

44‘4 J 


44-4 

+ o-o 

15"—30" J 


le tableau L 
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Separation du GT d’avec le TV. 

L. Moser et F. List 21 ) operent cette separation en hydrolysant 
par l’azotite d’ammonium en presence d’alcooi methylique; le thallium 
est pr6cipite, dans le filtrat, a I’etat de chromate, apres addition 
d’alcooi, ce qui suppose I’absence de tout autre sel pr6cipitable 
par ce solvant. 

Ici encore, les conditions de la precipitation guanidique etaient 
celles signaiees & propos de la paire Gl' — Fe". Le tableau V en 
resume les resultats. 


Tableau V. 



Mis en oeuvre 

Trouve Difference 

Le precipite 

Repos Liquide 

No. 

m<ir de nii/r de 

//»//’ de 

niifr de 

se forme 

en de lavage Note 


lied 77 

lied 

BcO 

aprfcs 

heures en ec 

1. 

22*2 1 
} 100 

22-2 

± 00 

25"—45" 

\ Liquide 

1 12 , 70 de lavage 

14 1 ,yj cornrne dans 

2. 

22 2 J 

22-2 

4- 0 0 

25"—45" 

I le tableau I. 


Separation du Gl" d’avec ie OrO 

L. Moser et J. Singer 22 ) arrivent a I’effectuer en precipitant le 
chrome, en milieu acetique, par le tannin, et le glucinium du filtrat 
par I’ammoniaque. En employant le carbonate de guanidine a sepa¬ 
ration ne reussit pas pour < car dans ce cas les valeurs obtenues 
pour le glucinium sont inferieures aux valeurs calculees. Par contre, 
on obtient d’excellents resultats avec Ct O , 4 ", si, bien entendu, on ob¬ 
serve la marche habituelle dejk signalee k propos des separations 
anterieures. 


1 . 

2 . 




Tableau VI. 



Mis en oeuvre 

Trouve Difference 

Le precipite 

Repos 

Liquide 

mqi- de min' de 

mill' de 

iwir de 

se forme 

en 

de lavage 

lied (Jr 

lied 

hed 

aprfes 

heures 

en ce 

44*4 | 

44*3 

-O’l 

15"—30" 

1 


} 100 




12 

200 ( 

44-4) 

442 

— 02 

15"—30" 

J 

1 


Liquid e 
de lavage 
com me dans 
le tableau 1. 


Separation du Gl" d’avec le MoO^ 


L. Moser et J. Singer 22 ) Poperent par I’azotite d’ammonium 
en presence d’alcool methylique. Notre procede guanidique a donne 
les resultats suivants: 
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Tableau VII. 


No. 


1 . 

2 . 


Mis en cBuvre 

Trouve 

Difference 

Le pr£cipite 

Repps 

mqr de mgr de 

mgr de 

mgr de 

se forme 

en 

)ieO Mu 

JieO 

UeO 

apres 

heures 

22’2| 

\ 100 

22*2 

± 0*0 

25"—45" 

1» 

44-4 J 

44*3 

— 0T 

20"—35" 

1 


Liquid e 

de lavage Note 
en cc 

Liquide 
de lavage 
z 1 u comme dans 
le tableau I. 


Separation du Gl" d’avec le Ou". 

On sait qu’on peut separer ces deux metaux par I’hydrogene 
sulfure en liqueur acide ou par electrolyse; dans le filtrat debarrasse 
de H«S on peut doser le glucinium par NH S . 

Au moyen du carbonate de guanidine, la separation a ete effectuee 
dans les conditions habituelles. Le cuivre contenu dans le filtrat a ete 
dose soit par le procede sulfhydrique (avec dissolution du sulfure 
dans irNO s et electrolyse ulterieure), soit par electrolyse directe du 
filtrat concentre par evaporation et aciduie par 1LS0 4 . 


Tableau VIII. 


Mis en oeuvre Trouve Difference Leprecipite Repos Liquide 
No. mgr mgr mgr mgr mgr mgr 
de JieO de <-n de Pu t) de O de JieO de Cit 

1. 44*4 119*2 44*3 119*4 Oi 4 0*2 

2. 44*4 79*4 44*5 79T 4 0*1 -0*3 


se forme 

en 

de lavage Note 

apres 

heures 

en cc 

| 


Liquide 

20" 

12 

de lavage 
comme dans 


le tableau I. 


Separation du Gl“ d’avec VAsO-J". 

L. Moser et F. List 24 ) I’operent par H 2 S en liqueur acide ou 
par distillation a I’etat de trichlorure d’arsenic. Notre procede guani- 
dique a fourni les resultats que voici: 


Tableau IX. 



Mjs en oeuvre 

Trouve 

Difference 

Le precipite 

Repos 

Liquide 

No. 

nuir de iniir de 

mgr de 

mgr de 

se forme 

en 

de lavage Note 


Ih’O A* 

JieO 

JieO 

apres 

heures 

en re 

1 . 

22-1 ) 

\ 100 

22*7 

+ 0*5 

45"—80" 

}« 

Liquide 

200 de lava F 

comme dans 

2. 

44-4 J 

44*6 

+ 0*2 

25"—45" 

I 

le tableau 1. 


Separation du GT’ d’avec le SbO»". 

L. Moser et F. List 25 ) predpitent 1’antimoine, par H 2 S, it 1’etat de 
la forme noire de trisulfure d’antimoine (Vortmann-Metzl). 

Notre procede habituel au carbonate de guanidine a conduit aux 
resultats figurant dans le tableau suivant. 
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Tableau X. 


Mis en 

oeuvre 

Trouve 

Difference 

Le precipite 

Repos Liquide 

No. a«/rde 

mqr de 
Sb 

mnr de 

mqr de 

se forme 

en de lavage Note 

ikU 

IkO 

JirU 

apres 

heures en 

1. 22*2 

|ioo 

22*5 

f 0-3 


1 Liquide 

I12 200 de lav ¥ e 

j- iz zuu comme dans 

2. 22*2 

J 

22*4 

f 0-2 

VI.,'—2%' 

J le tableau 1. 


Separation du til" d’avec. le V0 4 "'. 

L. Moser et J. Singer 36 ) utilisent leur precede au tannin en 
milieu acetique et precipitent le glucinium, dans le filtrat, par NU S . 
Lorsque nous avons essaye de precipiter par le carbonate de gua¬ 
nidine en presence de tartrate d’ammonium et de formaldehyde, nous 
avons observe que 1’addition du dit tartrate a la solution faiblement 
acide renfermant les deux ions en question determine une mise en 
liberte d’acide vanadique et que la liqueur devient jaune. Si, apres 
cela, on ajoute le carbonate de guanidine, il y a precipitation non 
seulement de glucinium, mais partiellement encore d’acide vanadique, 
ce qui se trahit par la couleur jaune du precipite. Pour I’eviter, il faut 
que la solution faiblement acide, renfermant til", l r O i l " et le tartrate 
d’ammonium, soit prdalablement alcalinis6e soit par I’ammoniaque, soit, 
mieux encore, par un alcali fixe dilue (jusqu’a decoloration). Apres 
cela, on coupe I’exces d’alcalinite par un acide (indicateur rouge me- 
thyle) et l’on ajoute le carbonate de guanidine. En procedant ainsi 
on obtient des resultats exacts, comme le fait voir le tableau suivant. 


Tableau XI. 



Mis en 

truvre 

Trouve Difference 

Le precipite 

Repos 

Liquide 

No. 

nufr de 

mt/r de 

nun ■ de 

nu/r de 

se forme 

en 

de lavage Note 



r 

ilrO 

jtri) 

apr&s 1 

tieures 

en cc. 

1. 

22-2 , 

223 

+ 01 

20"—60" 





| 





Liquide 

2. 

44-4 


44-6 

+ 0-21 


12 

200 de lava F e 



j 100 



40"—60" 


comme dans 
le tableau I. 

3. 

444 


445 

+ o-i j 





Separation du til" d’avec le WO/’. 

L. Moser et J. Singer 27 ) appliquent, ici encore, leur proc6de 
au tannin. Lorsqu’on emploie notre methode guanidique, il faut, pour 
obtenir de bons resultats, proc6der de la meme manifere que pour la 
paire til" . I'O/". En effet, si I’on preclpltait par le carbonate de guani¬ 

dine une solution faiblement acide renfermant til" et W0 t " it cOte du 
tartrate d’ammonium, le precipite retiendrait partiellement du tungstene 
ainsi que le mettent en evidence les essais 3 et 4 du tableau XII. 
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Tableau XII. 


Mis en oeuvre Trouve Difference Le precipite Repos Liquide 
No. mgr de mgr de mgr de imjr de se forme en de lavage Note 


1 . 

2 . 

3. 

4. 


IfcO 

222 

444 

22-2 

44-4 


I r 


>100 


IteO 

22-1 

44-5 

32-3 

510 


Met) apres heures en <r 

01 30"—60' 


•f 01 20” 30" 

+ 104 1" 

+ 6 b 1" 


12 


Liquide 
9 - n de lavage 
comme dans 
le tableau 1. 


Resume. 


Les auteurs etendent leur methode de separation du glucinium 
d’avec I’aluminium au moyen du carbonate de guanidine et en 
presence de tartrate d’ammonium et de formaldehyde, a la separation 
du glucinium d’avec les cations et anions suivants: Fe", UOA, 77/"', 
Tl\ On", MnO A '\ CrO 4 ", A»O s '", SbOV0 4 "\ I V0 4 ". Le mode 
op£ratoire reste le meme que pour la separation de Gl" et d'AV": 
Une solution glucinique faiblement acide (le mieux chlorhydrique) 
renfermant l’un des divers ions cites, est additionnee de tartrate d’am¬ 
monium, apres quoi 1’exces d’acide est detruit par NaOIf au rouge 
ntethyle, jusqu’a ce qu’il ne reste plus qu’une acidity faible. Apres 
addition de formaldehyde, on precipite par le carbonate de guanidine. 

Si l’on est en presence de V0 4 '" ou de W0 4 "\ on est oblige de 
modifier un peu la marche du dosage: Apres /addition du tartrate 
d’ammonium, on commence par alcaliniser au moyen de NaOU ou 
d’NlIf,, on coupe I’alcalinite excessive par HOI (indicateur rouge 
ntethyle), et, enfin, on precipite par le carbonate de guanidine en 
ajoutant en meme temps de l’ald6hyde formique. 

Si ce procede est appliqu£ en presence de V0 4 " ou de H'O/' en 
milieu faiblement acide, on trouve pour le glucinium des valeurs trop 
elev^es. Dans le cas de VO", la couleur jaune du precipite denote 
la retention d’acide vanadique, dans le cas de II ’0 4 ", le precipite est 
il est vrai blanc, mais les resultats n’en sont pas moins eleves. 

Voici maintenant les details de la marche 4 suivre pour effectuer 
les separations citees: A une solution, le mieux chlorhydrique, faible¬ 
ment acide (si elle Test trop, on chasse 1’acide par evaporation) et 
renfermant au maximum 0*1 gr de GIO h cote des ions ci-dessus, on 
ajoute d’abord 50 cc d’une solution de tartrate d’ammonium (pteparee 
a partir de 42*5 gr d’acide tartrique par neutralisation au rouge ntethyle 
au moyen d’ammoniaque et dilution 4 2 litres), puis tant de lessive 
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alcaline que le liquide reste faiblement acide au rouge methyle. Si 
l'on est en presence de F0 4 "' ou de WO"', on rend la solution 
faiblement alcaline par NaOH, KOH ou NH a , et l’on coupe l’alcalinit£ 
par un acide en employant le rouge methyle comme indicateur. On 
opere la precipitation, en agitant constamment, par 150 cc d’une 
solution filtree de carbonate de guanidine a 4°/ 0 et 2‘5 cc de formaline 
a 40°/ o de maniere k obtenir un volume total de 250 cc. Le pr£cipit£ 
soyeux est filtre, apres un repos de 12 a 24 heures, sur un filtre 
Schleicher-Schull bande bleue, et lav£, jusqu’k plus de Cl' ou de 
SO", par environ 200 cc d’un liquide de lavage dont 250 cc renferment 
150 cc de carbonate de guanidine a 4°/ 0 , 50 cc de tartrate d’ammonium 
de concentration citee plus haut. Apres lavage, le pr6cipit6 est calcine 
jusqu’a poids constant et pes£. 

Institut de Chitnie analytique 
a VEcole Polytechnique tcheque 
de Brno (Tchecoslovaquie). 
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INFLUENCE OF CHLORINE AND BROMINE ON THE GLOW 

OF PHOSPHORUS 


by J. KREJCI and F. SCHACHERL. 

Introduction. 

This is an extension of previous work on the influence of nitrogen 
dioxide on the upper pressure limit of the glow of phosphorus 1 ) 
to chlorine and bromine, the action of these also not having been 
studied quantitatively as yet. 

Th. Graham'-) has already found that 4% of chlorine in air 
inhibit the glowing of phosphorus at 63° F (17 - 2°C). 

Vogel jun. 3 ) put a piece of phosphorus fastened to a glass rod 
into a divided bell jar containing 25 cu. in. of air. The phosphorus 
glowed quietly in this air at When 3 5 cu. in. of chlorine 

were admitted, phosphorus ceased to glow entirely. However, if 15 
cu. in. of the chlorine were absorbed in water, the phosphorus began 
gradually to glow again. From this Vogel concluded that 8 volumes 
of chlorine to 100 volumes of air (7'43% of chlorine) prevent the 
glow of phosphorus. 

Vogel investigated also the influence of bromine on the glow of phos¬ 
phorus. In a bottle filled with air and bromine vapour phosphorus glowed 
at 10° C more feebly indeed than in pure air, but it did not completely 
cease to glow. 

E. Meyer and E. Muller 4 ) mention chlorine among the sub¬ 
stances preventing ionization of air accompanying autoxidation of 
phosphorus. 

E. J. Bowen and A. C. Cavell r ') estimated the intensity of the 
glow of phosphorus from the blackening of a photographic plate 
and found that chlorine lowers the intensity of glow of phosphorus 
inhibiting it completely at higher concentrations. At low concen¬ 
trations of chlorine the dependence of the intensity of glow i on 
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the concentration of chlorine can be expressed by the linear 
relation 


67 


1 — 0-433 


Cl A 

0 , 


This relation holds as long as i does not fall to a fifth of its value 
in pure oxygen. At higher concentrations the relation ceases to be 
Cl 

linear, and at — 6*9 phosphorus stops glowing. 


Preparation of reagents. 

Phosphorus, air and oxygen were prepared or purified in the same 
way as described previously. 1 ) 

Chlorine was prepared by electrolysis of fused silver chloride 
in vacuo in an apparatus represented in Fig. 1 (compare W. A. Shen- 
stone,*') Mellor and Russell, 7 ) Dixon and E. C. Edgar). 8 ) 



Fig. 1. 

The electrolysis was performed in the tube, A, of hard Jena glass 
3 5 cms wide and 25 cms long using carbon electrodes (manufactured by 
Conradty Niirnberg) which had previously been thoroughly ignited. 
The electrodes were fastened by means of platinum wires to a ground 
joint made tight by mercury, and arranged to be as widely separated 
from each other as possible. The tube, A, was connected by means of the 
ground joint, a, to the Bodenstein glass manometer, B, by which 
the course of the electrolysis could be followed, and by means of 
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the three-way cock, O, either directly to the »Cenco? air pump, or to 
the round-bottomed flask, D, filled with phosphorus pentoxide, and 
joined to the apparatus by means of a mercury seal. This flask was 
connected through the stopcock, K, to the condensation vessel, F, 
and to the bulb, (I. The vessel A was placed in a Heraeus electric 
furnace, If, connected to a thermoregulator, the temperature being 
maintained just above the melting point of silver chloride. The elec¬ 
trodes were then immersed in the molten salt, the whole apparatus 
was evacuated, and current from a 12 volt storage battery switched 
on. The current of 2 8 amp. was commuted from time to time in 
order to prevent a too quick formation of silver dendrites. The first 
portions of chlorine were pumped off. The gas evolution was very 
slow, and the preparation of one liter of chlorine lasted six hours. 
The chlorine was dried overnight by phosphorus pentoxide in the 
flask, D, then condensed by liquid air into the evacuated vessel, 
7\ whereupon the stopcock, K, was closed, the bulb, (I, melted off 
at the constricted place, 1, cut off at K and fused on to the appa¬ 
ratus previously used for the study of the influence of nitrogen 
peroxide on the glow of phosphorus. There the chlorine was con¬ 
densed again and the uncondensed gas pumped off. 

The silver chloride used for the electrolysis was precipitated ac¬ 
cording to Richards and Staehler 1 *) by hydrochloric acid from 
a solution of silver nitrate, recrystallized three times. First only a small 
amount of acid was added, and after standing for 24 hours a slight 
excess of the reagent. The precipitate was washed in a funnel with 
a porous plate first by very dilute hydrochloric acid, then by cold 
water, to prevent its agglomeration, 10 ) and the water was sucked off. 
The silver chloride was then fused in a porcelain crucible for five 
hours in order to expel all water. The solidified product, which was 
as colourless as glass, in accordance with the observation of Richards 
and Well s, 10 ) was cut up into smaller pieces by means of a pure 
steel knife. All these operations were performed in a dark room 
lighted only by red light. 

The water used was prepared from ordinary distilled water by 
redistilling it twice, first with alkaline potassium permanganate, using 
a hard glass condenser, and then with acid potassium sulphate using 
a tin condenser. 

The hydrochloric acid was purified as follows: To pure hydro¬ 
chloric acid a few crystals of potassium permanganate were added, 
and the solution boiled three times to liberate bromine and iodine 
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and to oxidize organic matter. The acid thus purified was redistilled 
in vacuo, and only the middle fraction was used. 11 ) 

The bromine (Merck’s preparation) was shaken in a large separa¬ 
ting funnel with distilled water, 12 ) then with a 15°/ 0 solution of po¬ 
tassium bromide (Merck pro analysi) 18 ) and finally again with distilled 
water. This bromine was redistilled from a saturated solution of 
potassium bromide to which a small amount of zinc oxide (Kahlbaum 
pro analysi) was added. 14 ) In this way chlorine and iodine resp. were 
removed. 

The distillate was used for preparing potassium bromide by drop¬ 
ping bromine cautiously and with continual agitation into a solution 
of potassium oxalate, prepared by neutralizing a solution of pure 
oxalic acid (Kahlbaum pro analysi) by a solution of pure potassium 
carbonate (Kahlbaum pro analysi). Both substances were once re¬ 
crystallized before neutralization. The potassium bromide thus formed 
was recrystallized twice, freed from mother liquor in a centrifuge, 
dissolved in water, and the solution evaporated three times on a water 
bath in a quartz dish with a small amount of recrystallized potassium 
permanganate (Kahlbaum pro analysi) and redistilled sulphuric acid. 
Thus some bromine is liberated which displaces any residual iodine 
present. 

The residue was carefully fused in a platinum dish for two hours 
in order to burn the organic impurities. 18 ) From this bromide the 
bromine was set free by recrystallized potassium permanganate and 
redistilled sulphuric acid, 17 ) the amounts of both these substances 
being calculated so, that some undecomposed bromide remained in 
the distilling vessel. In this way the last traces of chlorine were re¬ 
moved. 

The pure bromine was collected in a vessel with phosphorus 
pentoxide (Kahlbaum pro analysi) well closed by a ground stopper, 
and left there with periodic shaking for several days. From this vessel 
the bromine was redistilled into another vessel similar to that des¬ 
cribed above for chlorine, and solidified in the condensation tube 
by means of liquid air; the whole vessel was then fused on to the 
measuring apparatus. There the bromine was again frozen twice by 
means of a mixture of solid carbon dioxide and ether, and the 
uncondensed gas pumped off. 

All vessels containing hydrochloric acid were removed from the 
room where the bromine was being purified and the room was 
perfectly ventilated. 18 ) The air from this room showed no trace of 
hydrogen chloride when bubbled through a solution of silver nitrate. 
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The sulphuric acid used for purifying bromine was distilled with 
recrystallized potassium permanganate (Kahlbaum pro analysi) from 
a retort of Jena glass wrapped with asbestos. Only the middle por¬ 
tion free from halogens was used, 1 ”) precautions being taken for 
quiet boiling. 11 ) 

The experimental arrangement. 

The apparatus and procedure of measurement were the same as 
in previous work, 1 ) only the capillary stopcock, L, (see Fig. 1, 1. c.) 
was replaced by the stopcock, K, of the Fig. 2, the grinding of which 
was slightly injured round the inclined bore, in order that the gas 
might escape slowly into the vacuum even when the stopcock was 
closed. This device made it possible to dilute very gradually the gas 
in the vessel, I, containing phosphorus. The mode of diluting the 
gas was as follows: 


to the 
air pump 



The stopcocks K and L were opened and the vessel with phos¬ 
phorus, I, was evacuated. Then the stopcock L was closed and the 
mixture of gases admitted into I by means of the stopcock M. By 
closing K and opening L the gas in I was gradually diluted, until 
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the phosphorus began to glow. At that moment the stopcock M 
was closed and K opened. Then the pressure was read on the 
quartz manometer. 

Results of measurement. 

The results obtained are summarized in table 1. and Fig. 3. 
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oxygen 55-0 36‘3 29 6 238 185 153 112 80 55 18 
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418*8 273*1 240*8 210*2 167*2 135*1 121*1 100*1 76*7 47*5 

409*1 278*7 238*0 204*6 167*2 129*5 119*7 98*7 76*7 47*5 
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oxygen 81*9 52*0 43*9 37*6 28*5 21*6 18*4 14*0 8*8 2*7 
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The first line of the tables gives the concentration of chlorine 
or bromine In per cent by volume, the second one the proportions 

or -ipyy-. Further five lines give the total pressures, reduced 

to 0° C, at which the phosphorus began to glow. The last line but 
one contains the mean values of these pressures, and the last 
one the corresponding partial pressures of oxygen obtained by 
subtracting therefrom the partial pressures of phosphorus vapour, 
chlorine or bromine, and (with air) also of nitrogen. 

As in the case of nitrogen dioxide these results can be expressed 


analytically by the relation 


* 

Pz u + 'x ’ 


( 1 ) 


where p x is the pressure of oxygen at which phosphorus begins to 

glow at the concentration x ----- or , and 1; and a are con- 

10*1 lO a J 

slants the values of which may be found in table 2. 


Table 2. 

t /.- « 

Chlorine oxygen 15i 3‘5 00076 

201 55 0-0094 

25-2 80 00112 

air 151 45 00209 

20-1 5-25 0 0209 

25-2 6-25 0 0219 


Bromine oxygen 

15-1 

5-5 

00120 

458 

3-82 

200 

65 

0-0109 

596 

5-47 


25-0 

7-5 

00104 

721 

6-93 

air 

15-1 

3-5 

0-0163 

215 

1-32 


200 

4-5 

0-0179 

251 

1-40 


250 

5-5 

00193 

285 

1-48 


As is seen from Fig. 3, where the full curves correspond to equa¬ 
tion (1), this equation is satisfied rather well by the observed values* 
especially those for medium concentrations x, as had been already 
found by Tausz and Giirlacher 20 ) with other gases. 


£ L£! 

fi, i r / 3 I 


l>0 a 

i«>i 

460 

606.10 4 

585 

6-22 

714 

6-38 

215 

103 

251 

1-20 

285 

1-30 
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Table 2 contains also the pressures of oxygen, p 0 , at which 
phosphorus begins to glow in pure oxygen and air resp., these 

pressures being again in good accord with results of other 

2 * 

authors, as well as the slopes of the curves (equation (1)) for 

x — 0. The value of this quantity is higher for oxygen than for air, 
and increases with temperature. 

The influence of chlorine and bromine is of the same order of 
magnitude (to 4 ), whereas that of nitrogen dioxide is greater (10 r> ). 

Compared with other poisons, chlorine and bromine are somewhat 
stronger poisons than ethylene 21 ), 22 ) and weaker than propylene,* 2 ) 
as is shown in Fig. 4 representing the influence of ethylene, bromine, 
chlorine, propylene and nitrogen dioxide in oxygen at 20° C. 



As follows from the measurements in air, the influence of nitrogen 
was found the same as that already given by the first of the authors J ) 
and by Tausz and Oorlacher 20 ) (see also the previous prelimi¬ 
nary communication Collection (1932), 4, p. 69). 

In the previous paper 1 ) attention was called to the peculiarity 
that the partial pressures of nitrogen dioxide at which phosphorus 
begins to glow are nearly constant at the same temperature, and 
it was indicated that this may follow from the hyperbolical form 
of the equation (1). If if is possible to neglect a in comparison with 

x — then p x — — — - — — — — . /,■. Because pm—po., it follows 

po, x pm, pm, 

po. 


that pm a r~L 
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As a matter of fact, the values of p N a t are of the same order of 
magnitude as the constants />. The same has been observed with 
chlorine and bromine, as is seen from the table 3, the last column 
of which gives the mean values of the corresponding partial pressures. 

Table 3. 


t /.• /> mm 

Nitrogen peroxide in oxygen 15*1 0-6 0*39 

20 0 0 8 0-59 

251 10 0-76 

in air 15*1 04 0'35 

200 07 054 

25 1 1*0 075 

Chlorine in oxygen 151 3 5 3 7 

201 5-5 4-8 

252 8-0 73 

in air 151 4 5 3*6 

201 525 45 

25-2 6-25 60 

Bromine in oxygen 15*1 5*5 47 

20-0 6 5 5'4 

250 7'5 5-9 

in air 151 3‘5 2*9 

20-0 45 3-9 

25-1 5-5 4-8 


The negative catalytic influence of chlorine could be explained 
according to the theory of Semen off 28 ) similarly to that of nitrogen 
dioxide, the chlorine breaking off the reaction chains by forming 
chlorine monoxide with the atomic oxygen. In this connection it is 
significant that Comanducci 2i ) found that this gas is formed instead 
of ozone by a silent electric discharge in a mixture of chlorine and 
oxygen, which is the more interesting, as in the autoxidation of 
phosphorus ozone is normally formed. 

We should like to emphasize that we worked with dry gases. 
As preliminary experiments showed, the presence of vater vapour 
seems to have a great influence in so far that it raises the upper 



122 


pressure limit of the glow of phosphorus in the presence of chlorine. 
This could be explained by the known reactions 

f’L -f- H = HCl + HCIO 
urn = HCl + 0. 


Summary. 

1. Using a Bodenstein quartz manometer the influence of 
chlorine and bromine on the upper pressure limit of autoxidation of 
phosphorus in oxygen and air was investigated at 15i°, 20*1°, 25’2° 
and 15*1°, 20 0°, 25-0° resp. 

2. The same relation holds between the maximum pressure of 
the glow of phosphorus p x and the concentration of the halogen 

x — as previously found with nitrogen dioxide, namely p x — - ~~- 

l- and a being constants. 

3. The poisoning effect is similar for chlorine and bromine and is 
stronger in oxygen than in air. 

4. Both gases are somewhat stronger poisons than ethylene and 
weaker than propylene. Nitrogen dioxide is about ten times as efficient 
as either. 


The authors wish to express their thanks to Professors B. Kuima 
and A. Simek for advice and criticism during this investigation. 

Brno, December 1931. Institute of Inorganic Chemistry, 

Faculty of Science, Masaryk University. 
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THE ACTIVITY COEFFICIENTS OF SILVER ION IN 
AQUEOUS SOLUTIONS OF SOME STRONG ELECTROLYTES. 

PART I 


by J. B. CHLOUPEK and VL. Z. DANES. 

One of the most difficult problems of the modern theory of strong 
electrolytes is the exact determination of individual activity coeffici¬ 
ents of single ions. The free energy measurements by means of ap¬ 
propriate cells form the only direct experimental way to it. A grave 
difficulty presents itself there: no means are available at present to 
eliminate with certainty or to ascertain the exact value of the contact 
potentials between the solutions forming the parts of the cell. On 
the other hand, the use of cells without liquid junctions is vety 
limited, their essential part being amalgams. There is also no satis¬ 
factory theoretical treatment of the question of liquid junction 
potentials, and one cannot even predict their sign in general 
cases, let alone compute exactly their values. 1 ) The usual means of 
“eliminating” these potentials by the use of certain concentrated solu¬ 
tions as salt bridges, although very indiscriminately used in routine 
work, are often quite fallacious in their effect. Every serious effort 
to elucidate the problem of single ion activities needs, therefore, 
a preliminary careful study of the liquid junction potentials appearing 
in the particular system concerned. The character of the research in 
question will be, of course, chiefly experimental. The lack of well- 
founded data is too great here to permit of a direct theoretical attack 
on the problem. Its history itself is quite convincing: there are already 
several papers bearing on the subject, 2 ) but the authors make ne¬ 
cessarily such suppositions as have been justly impeached by leading 
workers in the field of thermodynamics. 8 ) Even recourse to the 
indirect methods applied by 0. N. Lewis and M. Randall 4 ) does 
not help much, since we cannot avoid the use of theoretical sup¬ 
positions which cannot be even approximately realised in experimental 
practice and there is an obvious accumulation of the errors involved 
in the data serving as basis for the calculations. 
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In this laboratory we have made a detailed study of the problem 
in question. This paper, however, deals only with some results bear¬ 
ing on the activity coefficient of the silver ion. In work of this sort 
it is important to choose electrodes as well defined as possible. Our 
choice fell on silver as electrode material and silver sulphate as elec¬ 
trolyte, either alone or with some other salts in common solution. 

We think it advisable to state here some thermodynamical defi¬ 
nitions involved. 

The activity of the dissolved substance is defined by the relation: 

A F— F, — F" -= RT . hi a, (1 ) 

All quantities of this equation are meant for the dissolved sub¬ 
stance. F» and F a ° are its partial molal free energies: F> for the 
state studied and l<\° for a standard state defined by a —1. I F is, 
therefore, the difference of the free energy of dilution for both states 
of the solution. It should be borne in mind that there are always 
considered relative activities as in the previous paper r ’) in accordance 
with O. N. Lewis. 6 ) 

The activity coefficient of a salt is expressed as follows: 


a± - .,/T (3) 

m+ (wt+ . M- ) (4) 

where a ± signifies the mean activity of the salt, m ± is mean molality 
of the ions, m+ the stoichiometric concentration of the cation, w_ the 
same for the anion. The activity coefficient for an ion is, therefore: 


The relation between the free energy of the reaction taking place 
in the cell and the electrical work is expressed by the equation: 

AF-^ — N. F.E -AH—TAS (6) 

where E is the electromotive force of the cell considered and NF 
is the number of faradays. 

For a reaction of the type: Me --- Me f K ~ the free energy 
change is . „ , , 


AF^-AF 


RT .In a , 


where a Ut is the activity of Me , and A F° stands for the free energy 
of the reaction in the case of the standard state of Me in the solution 
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(i. e. a—1). In this manner is simultaneously defined a certain 
electromotive force /<;° (corresponding to the reaction) in which 
.1 F - A F° (i. e. a — 1). This quantity is designated by G. N. Lewis 
and M. Randall as the standard potential in the case of a single 
electrode. For the zero point on the potential scale that of hydrogen 
was chosen, with one atm. partial pressure in relation to an aqueous 
solution where the hydrogen ion activity equals unity, this zero being 
valid for all temperatures. The sign of the standard potential is fixed, 
therefore, by the value of A F m ° relative to A F H °. 1 F n ° being also 
zero according to the definition just put forward. It is obvious that 
for a negative value — A F° we obtain a positive value of E n and 
vice versa. E. g.: The sign of the standard potential Na (,«.), Nd is 
positive, A F Na ° being here negative. For the potential of an electrode 
follows from (6) and (7): 


/-■ ;• liT 7 

' - ' — '’■() ~JjfF ’ n a u '" 


( 8 ) 


In accordance with this definition one can determine the sign of 
an electromotive force as follows: — this sign stands for the ten¬ 
dency of the negative current to flow from right to left through the 
cell (bearing in mind the usual manner of writing down the cell); 
the same is valid for a single electrode, the standard potential of 
hydrogen being the basis. 


The preparation of pure materials. 

The mode of obtaining pure silver sulphate for the electrodes was 
described in detail in the previous paper (1. c. 5). 

The purification of mercury. Pure commercial mercury was subject¬ 
ed to a thorough chemical cleaning in the usual manner, and then 
was thrice distilled in a modified Hullet still, with standardized 
ground joints. A slow stream of air, filtered, and charged with nitrous 
fumes, was led through the apparatus. Every distillation was followed 
by a rinsing with water, and a filtration by suction through a disc 
of wash-leather, fixed in a Gooch crucible. This mode of operating 
has obvious advantages (the bit of leather is small [3 sq. cm] and easily 
exchanged, works rapidly and no compressed air is needed). 

The preparation of calomel. 1 ) This salt was precipitated from c. p. 
mercurous nitrate, observing the precautions indicated in the recent 
papers on this subject. 

The silver oxide. A specially purified sample of nitrate of silver 
was transformed by metathesis into carbonate, its oxide content being 
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here, of course, no inconvenience. The product was freed from ail 
nonvolatile impurities, and then transformed into the oxide by heating 
to 200° C. All the other salts were purest commercial products, and 
recrystallised twice, at least. 

The measuring apparatus and devices. 

The measurements were made by the compensation method, 
according to Fig. 1. A galvanometer of the sensitivity of 5.10 10 amp. 
served as zero instrument. The 
storage cell used as a source of 
current was constantly kept in the 
thermostat, and connected with 
the potentiometer of 2000 ohms 
resistance. In this manner the 
current was maintained exceed¬ 
ingly steady. 

The potentiometer was form¬ 
ed by two resistance boxes 
(Weston Co.) and a helico'idal 
bridge with 30 turns of wire, 

(approx, resistance 12 ohms), 
in series with the boxes. The 
resistances were calibrated by means of standard resistance coils 
verified by the P. T. R. The calibration curve of the bridge was 
practically a straight line. The apparatus read to 2.10 -6 V, the actual 
relative precision of reading being, of course, lower, approx. 1 .10 5 V. 
In making the measurements, all currents in the proximity were 
switched off, while the leads were carefully isolated from metallic 
objects. The thermostat and its regulator have been already described 
in the previous paper (I. c. 5 ). In the thermostat were kept four 
standard cadmium cells, prepared according to the prescriptions of 
the Bureau of Standards, 8 ) the mercury and the cadmium being partly 
from Merck partly from Kahlbaum, the mercury also specially 
purified as described above. The cadmium sulphate (Merck pro anal.) 
was twice recrystallised from conductivity water. After the filling the 
cells were evacuated and sealed off. They were of the normal type, 
with solid hydrated phase of cadmium sulphate in excess. Their electro¬ 
motive force was concordant to 0.00005 V. The mean value was taken 
according to the equation of Bureau of Standards; it is E 2r> — \ .01807 r. 

The solutions of the salts investigated were prepared according 
to O. N. Lewis and M. Randall to the weight molarity (designated 


'Ak 


R, 


R. , 
k.rNWM 


X-F 


rr 


■w 


PiR. 1. 

Wiring scheme of the potentiometer 
arrangement. 
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molality, M.) i. e. M mols of the salt in 1000 gs or 55.51 mols of 
water. In the very dilute solutions there is practically coincidence 
with the volume molarity (designated m), the former having the 
advantages of greater precision and ease of working, and indepen¬ 
dence from temperature and calibration errors. 

After many preliminary essays, the triple electrode form was found 
convenient. It was so designed as to facilitate the vacuum filling and 
the connection of the electrodes to a cell. In Figs. 2 and 3 only the 
middle part of the electrodes is represented. The filling tube entered 
at the base of this part. The electrode vessel was furnished with 
its parts, made air tight and the filling tube inserted in a fractionating 




Fig. 3. 

The connection of the electrodes. 


flask connected to a water pump. When the solution began to boil 
(at 16/n/n H(j approx.), the pump was disconnected and the vessel 
was filled completely by the atmospheric pressure acting on the 
solution in the flask. In this manner the well-known deleterious in¬ 
fluence of the atmospheric oxygen on the reproducibility of potential 
(especially in the more dilute solutions) was eliminated. The inlet tube 
was then well stoppered, and rendered air tight by means of a coa¬ 
ting of paraffin wax. The electrode vessels carried on their upper 
part a device with stopcock to facilitate the connection. These stop 
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cocks were opened during the measurements. The final form of the 
connecting device acting as the “salt bridge” in the ordinary work was 
the result of many experiments with connecting apparatus of partly 
our own design, partly of the forms already described in the literature. 

Our chief aim in its devising was that the contact of the solutions 
should be made in accordance with theory, and that the manipulation 
should be easy enough for series measurements. It is well known 
that the systems at present used for precision work are rather unwi¬ 
eldy, all the glass parts being fused together. Our simplification 
consists in separating the connecting device without sacrifice of the 
precision. The use of the ordinary “salt bridge” arrangements, with 
or without porous material, is a source of too many errors to be 
admissible in any precise work.”) Our design is of the type where 
the contacts are made directly , without flowing, by menisci in tubes 
(7 nun diam.) The solutions are superposed according to their res¬ 
pective densities. The connections being above the surface of the 
thermostatic liquid, they were maintained at the constant temperature 
by means of their water-jackets, and a circulating pump immersed 
in the thermostat. The entire arrangement is represented in Fig. 3. 

The silver electrodes were made with platinum wire 0-5 mm diam., 
length 80 mm, fashioned into close-wound spirals of 3 mm diam. These 
were fused through glass and heavily silver-plated in the cyanide bath. 
Then followed boiling in distilled water, filling with silver oxide paste, 
and heating to decompose this into a coat of very fine welladhering 
silver. 10 ) Electrodes of compact metallic silver, either alone, or deposited 
by electrolysis on platinum wires, gave quite unsatisfactory results, many 
millivolts (30—40) higher, as was found also by other investigators. 

The other half of the cell was formed by a calomel electrode, 
with decinormal potassium chloride. The normal calomel electrode 
was also prepared to serve as a check on our arrangement. Both 
electrodes were filled in vacuo. 11 ) It must be borne in mind that the 
values given in the literature for this combination are rather discordant, 
owing to the uncertainty in the estimation of the liquid potential 
involved (between normal and decinormal potassium chloride). We 
have taken into consideration the value furnished by G. N. Lewis, 12 ) 
who involves directly this potential into his result: li^ —— 0-0529 V. 
We found —0-05295 V, as the mean of three measurements. 

The potential of the decinormal calomel electrode is, according 
to the same author, —0-3351 V (for this temperature and the zero 
hydrogen electrode). (G. N. Lewis and M. Randall, I. c.; see also 
M. Randall and L. E. Young,/. Am. Chem. Soc. 51, 3090, 1929.) 
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As a further test of our measuring device we give here the values 
obtained with the cell: 

Ag, AgNO s 0-1 M, KNOn O’I M, KCl 0*1 n UgCl , Hg 
for which O. N. Lewis 13 ) and Noyes with Brann u ) found: 

Eg? = — 0-3992 V. 

Our value is: E& — — 0-3993 V (mean of four entirely concordant 
values). 

This proves also that our realisation of liquid junctions is quite 
equivalent to the more elaborate and cumbrous method of the flowing 
junctions, used extensively in the American literature of late. 

The results of our measurements. 

Our own determinations were divided as follows: 

1. Measurements of the potential Ag (,y), Ag (25° C) in aqueous 
silver sulphate solutions. 

2. Of the same potential in saturated solutions of this salt in the 
solutions of the following electrolytes: potassium sulphate and po¬ 
tassium nitrate. 

It is not possible to measure directly the solutions containing 
silver ion against the calomel eleotrode, the precipitate formed at the 
surface of contact makes the junction potential quite unstable and 
irreproducible. It is necessary, therefore, to interpose a solution not 
reacting with the Ag’. After a series of experiments whose results will 
be communicated later, we chose the following intermediate solutions: 
saturated sol. of potassium nitrate 
sodium nitrate’ 
ammonium nitrate 
potassium sulphate 

and solutions containing in the unit volume both the potassium 
and sodium nitrates in the following molar proportions: — 3(KN0 a ): 
0-5 (NaNO v ), 3:1, 3:1*5, 1 '7: 0*3 (mols in one litre). Later we in¬ 
vestigated also other solution^, e. g. cone, solutions of sodium sul¬ 
phate, and also copper sulphate. 

A. The cells with silver sulphate solution alone. 

The cells measured were of the type: 

Ag, Ag 2 SO i xM, liqu. junct., KCl (O'l ») HgCl, Hg, the value of x 

being varied between the complete saturation value (0*026888 M) 
and the lowest limit 0*0002 M. The results are in the following tables. 
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Table 1. 


Results for sat. solution of A</ s SO, with junction 

solutions: 


sat. KNO ti , 

mean 

from 

10 measurements 

... - 0-38278 V 

» NaNO H 

» 

T> 

3 

y> 

... - 0-37923 V 

» NH t NO-. 

» 

* 

3 

» 

... — 0-38327 V 

* K s SO t 



3 


. . . —0-38696 r 

Mixtures: 3:0-5 



3 


... — 0-38243 V 

3:1 

» 


10 


. . . —0-38213 V 

3:1-5 

» 

» 

3 

> 

... — 0-38169 F 

1-7:03 

V 

■> 

3 

* 

... — 0 38206 V 

The precision 

of measurement 

oooooi r ( 

i. e. the least surely 


measurable difference of electromotive force. By this it is not meant 
the reproducible precision). 

Table 2. * 


Results for 0-02 21/ A^SOt with junction solutions: 


sat. KNO s , 

mean from 

12 measurements 

. . . —0-37596 V 

• NaN0 9 


3 » 

... — 0-37087 V 

» 


3 

. . . —0-37717 l‘ 


,» 

3 

. . . — 0 38218 V 

Mixtures: 3:0-5 

» // 

3 

. . . —0 37535 V 

3: 1 

> 

10 

... — 0 37508 V 

3:1-5 

» » 

3 * 

. . . —0-37484 F 

17:0*3 

* ;» 

3 

. . . —0-37524 F 


The precision of measurement . . . 0 00001 I'. 


Table 3. 


Results for 001 M Ay,S0 2 with junction solutions: 


sat. KNO n , 

mean 

from 

20 

measurements 

. . . —0-36045 1 

* NaN0 H 



3 

» 

. . . —0-35251 F 

• NHtNOa 



3 


. . . — 0-36105 F 

* ic^so* 


* 

3 

£ 

. . . —0-36931 F 

Mixtures: 3:0*5 



3 

» 

... — 0 35953 F 

3:1 

» 

» 

20 

» 

... - 0-35877 F 

3:1*5 



3 

» 

... — 0*35799 F 

1*7: 0*3 


» 

3 

» 

. . . — 0-35956 F 


The precision of measurement. . . 0-00002 r. 


3 * 
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Table 4. 


Results for 0-005 M A(/,,S0 4 with junction solutions: 


sat. KNO, it 

mean 

from 

25 

measurements . . 

. —0-34482 V 

:> NaNO s 

» 


3 


. — 0-33490 V 

* mr t No a 

3> 


3 

» . . 

0-34537 T 

» K :1 SO i 

» 


3 

t . . 

. — 0-35940 V 

Mixtures: 3:05 


» 

3 

» . , 

. — 0-34344 V 

3:1 


* 

13 

» 

. —0-34257 V 

3:1-5 



4 

:> 

. - 0-34168 V 

17:0-3 

» 

,•> 

3 

» 

. —0-34339 V 

The precision of measurement . . . 0'00002 I". 

Table 5. 

Results for 0 0025 M Aff 2 SO t with junction 

solutions: 

sat. KNOn, 

mean 

from 

10 

measurements . . 

, - 0 32859 V 

Mixtures: 3:05 

» 

» 

3 

» . 

. -0 32667 V 

3:1 

» 

» 

8 

£ . . 

. —0-32557 V 

3:15 

i 

» 

3 

» . „ 

. —0-32481 V 

1-7:0-3 


» 

3 

» . . 

. —0-32645 V 


The precision of measurement . . . 0-00004 I". 

Table 6. 


Results for 0-001 M A(/ 2 S0 4 with junction solutions: 


sat. KNO n , 

mean 

from 

20 

measurements . 

. . 0-30621 V 

» NaNO a 


» 

3 


. . — 0-28720 V 

» nh 4 no. 

» 


'4 

» 

. . —0-30632 V 

» K 2 S0i 


» 

3 


. . —0-32638 V 

Mixtures: 3:0-5 


* 

3 

» 

. . - 0-30425 V 

3:1 

» 

» 

10 

» 

. . — 0-30285 V 

3:1-5 



3 

» 

. . —0-30128 V 

1-7:0-3 * » 3 

The precision of measurement 

. . . o-oooos r. 

. . — 0*30397 V 
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Table 7. 


Results for 

0-0005 M A fh SO i 

with junction 

solutions: 

sat. KNO h , 

mean from 14 measurements . . 

. - 0-29009 V 

» NH 4 NO h 

* » 3 

>s 

. — 0-29042 V 

» K s S0 4 

» » 3 

w 

. — 0-31519 V 

Mixtures: 3:0"5 

» * 3 


. —0-28723 V 

3:1 

» » Q 

. . 

. — 0 28586 V 

3:0-5 

» » 3 


. — 0-28439 V 

1-7:03 

v 3 

■•> . 

. —0-28751 V 

The precision 

of measurement . 

. . 0 00005 V. 



Table 8. 


Results for 

0 0002 .1/ 

with junction 

solutions: 

sat. KNO a , 

mean from 8 measurements 

. . —0-2674 V 

» NaNO» 

* * 3 

2. 

. . —0-2442 V 

• XJJ.NOn 

3 

* 

. . —0-2683 V 

■> A", .SO 4 

3 

2 

. . —0-2990 V 

Mixtures: 3: 1 

6 

2 

. . - 0 2631 V 

1-7 :0 3 

3 


. . — 0-2648 V 

The precision 

of measurement . 

. . o oooi r. 



Discussion 

of results. 



Only a few authors have reported the values of the potential A>j 
(>•), A<j in silver sulphate solutions. 16 ) Closer examination shows that 
only the results of A. Brester are worth consideration here, those of 
other investigators either admitting of no direct comparison or being 
made with apparatus and by methods too obsolete to comply with 
modern exigences. The data of Brester will be discussed later, ft 
has been already mentioned that the greatest difficulty lies in deter¬ 
minating which of all the intermediate solutions investigated gives 
the most correct value. We did not calculate beforehand these quan¬ 
tities, nor extrapolate the series obtained with the varied concentra¬ 
tions of one and the same intermediate solution, as the previous 
many measurements showed us clearly that both these methods are 
too inaccurate. 

The saturated potassium nitrate gives obviously too high results, 
the reverse being true for the sodium salt. It is easy to conceive 
the idea that by judiciously adjusting a solution of both electrolytes 
one might obtain good values. Closer investigation showed that here 
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the law of mixtures is approximately enough valid, as regards the 
liquid junction potentials of a mixture of salts. We did measure, 
therefore, all the silver electrodes (with their contents varied as men¬ 
tioned above) with the mixtures of both nitrates in the molar rela¬ 
tions aforesaid. In our case there are two liquid junction potentials 
in algebraic summation, formed at the two surfaces of contact with 
the solutions contained in both electrodes. Their temperature coef” 
ficients furnished an excellent criterion of their sign. This method 
will be discussed and illustrated in detail in a subsequent paper. 

The potassium sulphate behaved differently from all other solu¬ 
tions. Although the mobilities of its ions are near enough (2 A .— 64-6, 
X SOt — 68), it gave rise to considerable contact potential differences 
(attaining as much as 50 millivolts). The saturated solution of potas¬ 
sium nitrate gave relatively correct results, in accordance with the low 
value of its temperature coefficients; the ammonium nitrate gave rise 
to rather high results, the reverse being true for sodium nitrate. In 
our case, the results obtained with saturated solutions of potassium 
or ammonium nitrate were obviously nearest to the correct value, the 
potassium salt furnishing the better values. Nevertheless, the numbers 
obtained are still too high, as one can see from the activity coef¬ 
ficients calculated on this basis being greater than unity, which is im¬ 
probable in the concentrations in question. The correct values of the 
potential differences must, therefore, lie between those for potassium 
and sodium nitrate, and much nearer to the former. We prepared 
therefore nearly saturated solutions of potassium nitrate (3 m, the 
saturated 25° C being 3 - 5 m) with 0‘5, 1 *0, 15 m NaNO a (in 1 litre). 

The best results being obtained with the 3 :1 solution, we took 
these as the basis for the calculation of both normal potential and 
the activity coefficient. 

The potential differences obtained with the other intermediate 
solutions (related to these obtained with the combination just mentioned 
(3:1) are plotted (diag. 4) against the log of the ionic strength (see 
1. c. 5) of the solution contained in the silver electrode. According 
to the scheme: 

A;,, A; h S0< xM, , K('l 01 m, HffCl, Utf, 

a b 

we have two liquid contact potentials in the cell, a and b, contained 
in the final electromotive force as an algebraic sum. In this series 
of measurements we have only the solution of the silver electrode 
as variable, and therefore also the potential designated “a”. If we 
take the values obtained with the junction solution 3 m KNO R : 1 m 
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NaNOs to be correct, then the changes of the potential “a" are indi¬ 
cated by the course of the differences of the electromotive forces 
found with this “fundamental” junction solution, and those obtained 
by using junction solutions of other kinds. The relation of these 
differences, as a function of the concentration, is linear logarithmic , 
as shown on the diag. Fig. 4, and the corresponding straight lines have 
a common point of intersection, a remarkable circumstance, the type 
of these solutions varying widely. In other words, it is as if, in this 



Potentials obtained with different junction solutions in solutions of AfaHO,. 

case, the properties governing the magnitude of the liquid junction 
potentials were identical for both the marginal solutions (here sol. 
of and AY,7). At this intersection point “a” must necessarily 

equal — “b” the sum being zero. If such a cell were realisable, the 
junction potential would be eliminated completely. It is not possible 
to construct such a cell; the necessary silver sulphate concentration 
would surpass its solubility. But one can realise such a solution by 
changing the solving power of water. This can be done by adding 
another salt, e. g. 2f a iS'0 4 . Diag. Fig. 5 shows that this intersection point 
really appears, notwithstanding the complicated nature of the solution. 
It shows also that the junction solution previously indicated does 
indeed give the best values. 

The results obtained in this way served for the extrapolation 
necessary for the evaluation of the standard silver potential. A,’ 0 is 
calculated from the expression : E — E° — 0 - 05915 log. « + , where 
« + = m + y + . We have, therefore, an equation with two unknowns, but 
one of them, y + , equals unity at infinite dilution. We plot the num¬ 
bers obtained by putting the measured electromotive forces and the 
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stoichiometric Ag concentrations in the equation for the standard 
potential, as ordinates against)//*. We obtain a series of curves whose 



* Fig. 5. ^ 

Potentials obtained with different junction solutions in solutions of A t g i SO t in K 2 SO t „ 

intersection point with the ordinate axis gives directly the standard 
potential value (diag. Fig. 6.). 



The extrapolation for standard potential. 
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Table 9. 


The extrapolation for standard potential. 


M Ag.SO, 

200l r /' 

JB* for - 1 

found 

read from 
the curve. 

0026888 

32*8 

- 0*79232 

- 0*38213 

— 

002 

28*3 

— 079287 

— 0*37508 

— 

001 

200 

- 079439 

— 0*35880 

— 

0*005 

141 

- 079597 

— 0*34257 

— 079575 

0*0025 

10*0 

— 0*79677 

— 0*32557 

— 079680 

0001 

6-3 

— 0*79759 

— 0*30285 

— 079782 

0*0005 

4*5 

— 079841 

— 0*28586 

— 079835 

00002 

2-8 

— 079908 

— 0*2631 

— 079882 


By this extrapolation we found for the standard silver potential: 

Afi (s), A(f : - — 0*7996 V. O. N. Lewis 13 ) on one hand, 

and A. A. Noyes and Brann 14 ) give ■-= — 07995 V. The results 
agree well. 

From the known value of the standard potential one can readily 
calculate the activity coefficient of the A<f ion. The results obtained 
in this way were compared with those resulting from the Debye- 
Hiickel equation in the following form: 



For great dilutions one can neglect the denominator of the fraction 
(its value approximating unity) and apply the simplified form. In the 
following table are the results both experimental, taken from the curve, 
and calculated from the Debye-Hiickel equations. 


Table 10. 


M ,\< h SO { 

found 

y from 
the curve 

y Lewis 
and Randall 

D. H. equ. 
simple 

I). H. equ. 
develop. 

0*026888 

0753 

_ 

0778 

0721 

0*748 

0*02 

0770 

— 

0792 

0754 

0*768 

0*01 

0*817 

— 

0*823 

0*819 

0*827 

0*005 

0*868 

0*857 

0*872 

0*868 

— 

0*0025 

0*896 

0*900 

0*910 

0*905 

— 

0*001 

0*924 

0*938 

0*940 

0*939 

— 

0*0005 

0*955 

0*951 

0*962 

0*956 

— 

0*0002 

0*984 

0*970 

0*975 

0*972 

— 
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The column of the activity coefficients read directly from the curve 
was put in because it represents the smoothed out potential values, 
free from irregular errors inhering in the measurements. The activity 
coefficients calculated by G. N. Lewis and M. Randall 18 ) (on the 
basis of the rule of the independent ion activity coefficients) are 
a little higher owing to their being derived from silver nitrate, whose 
activity coefficient (as that of an electrolyte of the type 1:1) is higher. 

We must mention here the results obtained by B res ter, who 
gives some few data for the potential Ag (s), Ag' in silver sulphate 
solutions. His numbers are corrected by him for the liquid junction 
potentials calculated by the Henderson formula. His results are 
tabulated with ours for the common concentrations. 


Table 11. 


c(norm. 

cone.) 

Brester 

junct. pot. 
calcul. 

our results 

junct. pot. found 

2T0" 3 

— 0-3579 V 

f 0-2 m V 

— 0 35956 V 

•j- 076 m V 

6 io 8 

— 0-3298 

r 0-1 

— 

+ 0-88 

2T0 -« 

— 03031 

00 

— 0-30397 

+ 1-27 


In the first column are the concentrations of silver sulphate in 
gram-equivs./Z,; in the second BTester’s results obtained with his 
junction solution (1.7 mKNO n to 0"3 mNaN0 8 ), in the third his values 
calculated by the Henderson formula, in the fourth our results 
with the same solution, and in the last the contact potentials found 
by us. One sees that the calculated values of the junction potentials 
fall with increasing dilution in direct opposition to the experimental 
results, ft must be mentioned that Henderson himself distinctly 
states that his expression is valid only for very dilute solutions. 
BTester’s concentrations are quite outside its range, and it is not 
admissible to use it for this purpose. B res ter advocates also the 
use of porous material (alundum) in realising the liquid junction, 
together with agar-agar, which is a further source of errors, as has 
been proved by several authors. 17 ) 


To be continued. 



SUR L'EMPLOI DU LITHIUM POUR LA SYNTHESE DES 
HOMOLOGUES DU NAPHTALENE 


par V. VESELY et F. &TURSA. 

(Execute avec 1’aide de la Masarykova Akademie Prace.) 

Dans nos etudes anterieures, 1 ) nous avons prepare les naphtalenes 
di- et trim6thyl6s en dydoublant les bromures des naphtylmagnesiens 
par le sulfate dimethylique; mythode de preparation due a A. Werner 
et F. Zilkens,-) ainsi qu’a J. Houben. 8 ) La reaction se passe, il est 
vrai, dans le sens de liquation 1, mais elle est accompagnee de reactions 
secondaires, surtout de la formation des diaryles, illustr^e par la 
formule II. 

I. C 6 // 5 Zb- + Mg « (\lkMyBr 

CJI h MgBr + WlI,hSO t - - L\lI r -CH & + CH 9 SO t MgBr. 

II. f'MJir + Mg + 1irCJh + .1 1glh» . 

La pratique de ces reactions, effectuees sur divers bromures de 
naphtyles nous a montr£ que I’on ne rdussit a introduire par cette vole 
les groupes methyles que dans la position a du noyau naphtalenique. 
Si I’halogene occupe la position /?, la reaction II l’emporte sur I, de 
sorte qu’il ne se forme que des traces du compose naphtyl-bromo- 
magnesien susceptible de fournir avec le sulfate dimethylique 1'hydro- 
carbure mythyiy. 

II nous semblait probable que les resultats de ces reactions sont 
d’autre part en rapport intime avec la nature de I’el6ment halogene, 
mais en raison de la faible aptitude reactionnelle du magnesium vis- 
a-vis de chlorures d’aryles, nous n'avons pu effectuer les essais 
respectifs. Cette difficulty nous a fait songer k remplacer le magnesium 
par le lithium. En effet, nous connaissons les composys du type 
phenyl-lithium C\H b U grace aux recherches de K. Ziegler et de 
H. Colonius. 4 ) Ces combinaisons se formenf par action & froid du 
lithium mytallique sur les solutions yth^ryes d’halogynures des hydro- 
carbures aromatiques, done exactement comme les composes aryl- 
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halog£no-magn£siens d’apres Grignard. On pouvait s’attendre k ce 
que I’aryl-lithium reagisse sur Ie sulfate dimgthylique de la m&me 
fa$on que le reactif de Grignard, c’est-ii-dire, avec formation de d£riv6s 
methyles d’hydrocarbures aromatiques, par exemple: 

III. 6' 10 i/ 7 Hr -f- 2 Li = LiBr + C 10 H 1 Li. 

IV. + (CH h ). z S0 4 = O xq H 1 (JH s + CHgSOiLi. 

Notre attente n’a pas 6te trompee; en effet, nous avons pu constater 
que le lithium agit dans le sens des formules HI et IV, de sorte que 
dans la plupart des cas on peut remplacer, dans ces reactions, le 
magnesium par Ie lithium. Outre cela nous avons reconnu que la 
reaction III est accompagnee, ici encore, de la formation des hydro- 
carbures du type diaryle. D’apres Schlubach et Goes 5 ) il faut 
interpreter cette reaction par la formule suivante: 

V. a M U-JA + BrC t „tf 7 - LiBr + 6’ 10 // 7 -6’ 10 7/ 7 . 

Or, le lithium a sur le magnesium I’avantage de se dissoudre plus 
facilement dans la liqueur ether£e de I’halogenure de naphtalene, et 
d’entrer facilement en reaction meme avec les chlorures. C’est ce 
dernier fait qui nous a mis en mesure d’effectuer des essais com- 
paratifs, ayant pour but de montrer (’influence de la nature de (’element 
halogene ainsi que sa position dans le noyau naphtalenique sur les 
resultats des reactions IV et V. Ces essais ont d’abord confirm^ 
notre observation faite sur le magnesium: Si I’haiogene se trouve en 
position a, le lithium agit sur les halog£nures de naphtalene dans 
le sens de Liquation III. Dans ce cas le naphtyl-Iithium engendrl 
est transforme sous I’action du sulfate dimethylique en naphtalene 
m£thyle. Les naphtalenes halogenes en fi, par contre, rlagissent sur 
le lithium surtout d’apres la formule V, de sorte que le produit 
principal de cette operation est constitue par l’hydrocarbure du type 
2.2-dinaplityle. 

Concernant la nature de I’llement halogene nous avons fait 
l’observation suivante: En partant du l-chloronaphtaI£ne, on obtient 
un meilleur rendement en l-*m£thylnaphtalene qu’avec le 1-bromo- 
naphtalfcne, lequel fournit a son tour un meilleur rendement que le 
dlriv£ iode. Les naphtalenes halogenes en position /T se comportent 
d’une manure analogue. Toutefois, la reaction V entrant ici en jeu, 
on ne parvient k subsiituer le mlthyle k I’haiogene qu’en partant 
du 2-chloronaphtalene, tandis que le 2-bromo- et le 2-iodonaphtaIene 
ne fournissent que le 2.2-dinaphtyle. Cette reaction constitue peut- 
etre la meilleure preparation de ce dernier hydrocarbure. 
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D’autre part, nous avons effectue deux essais comparatifs de 
preparation du 1.4-dimethylnaphtalene h partir du 1-methyl 4-bromo- 
naphtalene, en employant soit le lithium, soit le magnesium. Bien 
que les deux operations faites dans les mfemes conditions, aient 
donne des resultats exactement identiques, la methode au lithium 
etant plus rapide, elle est preferable & celle au magnesium. 

L’avantage de l’emploi de lithium est surtout manifeste, lorsqu’on 
part d’un naphtalene chlore. Citons, a titre d’exemple, nos essais de 
preparation du 1.3-dimethylnaphtalene. Nous nous sommes d’abord 
proposes d'obtenir cet hydrocarbure en partant du 2-methyl-4-bronio- 
naphtalene. Mais ce corps etant tres difficile & obtenir il nous a paru 
plus convenable d’employer le 2-methyl-4-chloronaphtalene. En effet, 
en operant la reduction du l-nitro-2-methylnaphtalene au moyen de 
chlorure stanneux, on obtient, d’apres Lesser, 0 ) le l-amino-2-methyl- 
4-chloronaphtalene qui, apres elimination du groupe amino, fuurnit 
ie 2-methyl-4-chloronaphtalene. Bien que cet halogenure soit indif¬ 
ferent vis-a-vis du magnesium, il agit avec nettete sur le lithium 
avec formation du methylnaphtyl-lithium, facilement transformable en 
2.4-( 1,3-)-dimethylnaphta!ene: 

NO, Nil, 


\, */ \ / 

V/ \/ 

\ /\ / 
S / \ ✓ 

cl 

Cl 

(Y >"» - 

( s ' n/ Nr//,, 
\/\/ 

hi 

CI1 H 


Partie experimental©. 

Essais de preparation des methylnaphtalenes a partir 
des naphtalenes halogenes. 

1-Chloronaphtalene. VS gr de lithium metallique coupe en lamelles 
trfes fines et 30 cc d’ether anhydre sont introduits dans un ballon 
muni d’un refrigerant k reflux, d’un agitateur et d’un tube pour 
faire passer I’azote. On ajoute par petites portions, dans Patmosphere 
d’azote, et en agitant, 20 gr de 1-chloronaphtalene dans 40 cc d’ether. 
La reaction commence spontanement; on ne chauffe que vers la fin. 
Le metal se dissout integralement au bout d’une heure environ. On 
continue & chauffer et 4 agiter pendant 2 heures. On laisse refroidir, 
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apres quoi on ajoute, goutte k goutte et en remuant, 20 gr de sulfate 
dimethylique avec 15 cc dither sec. La reaction au debut tres vive 
se calme vers la fin. Apres une heure de chauffage on ajoute de 
I’acide sulfurique dilue (1:5). On ecarte le solvant par distillation et 
on prive I’huile residuelle du sulfate dimethylique en la traitant par 
de la lessive de potasse chaude & 15°/ 0 . Le produit obtenu est sounds 
k la distillation sous pression reduite. La premiere fraction oieagi- 
neuse, passant sous 10 mm lift entre 80—110*, abandonne, apres 
refroidissement, 2'1 gr de naphtalene. L’huile residuelle ainsi que la 
deuxieme fraction, distillant de 110 a 140°, sont transformSes en picrate. 
La cristallisation dans I’alcool ne donne qu'un picrate unique, fusible 
& 141—143°. 11 s’est revels comme identique au picrate du 1-methyi¬ 
naphtalene. Rendement 13 5 gr de methyinaphtalene brut. 

La fraction residuelle constituait une huile epaisse fluorescente dont 
nous n’avons pu retirer aucun produit solide. 

1-Bromonaphtalene. On fait agir 17 gr de 1-bromonaphtalene, 
dissout dans 50 cc d’ether sec, sur V2 gr de lithium. La dissolution 
du metal terminee, on ajoute 15 gr de sulfate dimethylique et on 
isole les produits de la reaction de la fa<;on dScrite ci-dessus. Nous 
avons obtenu M gr de naphtalene et 9 4 gr de 1-methyinaphtalene 
brut. La fraction residuelle offrait les memes proprietes que celle 
obtenue dans le cas precedent. 

1- lodonaphtalcne. 10«rde 1-iodonaphtalene dans 50 cc d’ether et 
0 55 gr de lithium ont fourni une liqueur violet fonce de naphtyl- 
lithium qui a ete dedoublee au moyen de sulfate dimethylique; rende¬ 
ment 1*8 gr de naphtalene et 3 gr de 1-methyinaphtalene brut. 

2- Chloronaphtalene. 1*3 gr de lithium sont dissous dans 15 gr 
de 2-chloronaphtalene et 50 cc d’ether sec. La dissolution du metal 
est terminee en 3 heures; on obtient une liqueur violet fonce qui 
est dedoublee par du sulfate dimethylique. La distillation fractionnee 
fournit k. cote de 0‘9^r de naphtalene, 56 gr de 1-methyinaphtalene 
pur. On n’a pas reussi k isoler de la fraction residuelle le 2.2-di- 
naphtyle. 

2 Bromonaphtalene, 12 gr de 2-bromonaphtalene, 0‘9 gr de lithium 
et 50 cc d’ether anhydre ont donne une solution violet fonce qui 
a ete decomposee par du sulfate dimethylique. La distillation fraction¬ 
nee n’a fourni, dans ce cas, que 2 3 gr d’une huile passant sous 
10 mm Ht/ entre 130—150 () . Cette fraction renfermait \'4gr de 2-bromo¬ 
naphtalene inaltere. Par cristallisation de la fraction residuelle dans le 
benzene, nous avons obtenu 4 8gr de 2.2-dinaphtyle pur, fusible & 187°. 
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2- lodonaphtalene. 025 gr de lithium sont dissous dans 4 gr 
d’iodonaphtalene dans 30 cc dither. En d£doublant la solution de 
2-naphtyl-lithium par de I’eau, cette operation nous a fourni 12 gr 
de naphtalene et LI gr de 2.2-dinaphtyle. 

Preparation du 1,4-dimethylnaphtalene. Le 1-m£thyl-4-bromo- 
naphtalene initial a 6t6 prepare d’apres F. Meyer et A. Sieglitz’) par 
bromuration du l-methylnaphtal6ne. L’huile obtenue a 6te transform^ 
en picrate; celui-ci cristallise dans 1’alcool en aiguilles fondant 5 127— 
128° (Meyer et Sieglitz indiquent 123—124°). L’hydrocarbure mis en 
liberty constitue une huile que nous avons r£ussi it solidifier en 
lamelles incolores et fusibles a + 3—4°. 

15 gr de l-methyl-4-bromonaphtalene ont et6 transformes en 
bromure de naphtylmagnesium, et celui-ci a ete decompose par du 
sulfate dimethylique. Une egale quantite du meme methyl-bromo- 
naphtaiene a ete traitee de la meme maniere avec I’emploi de lithium. 
Les deux operations ont fourni exactement le meme resultat, c’est- 
a-dire chaque fois 9 8 gr de 1.4-mdthylnaphtalene pur, fondant 
a 15—17°. 

2-Methyl-4-chloronaphtalene. 160 gr de 2-m£thyl-l-amino-4-chloro- 
naphtalene, prepare par reduction de 2-methyl-l-nitro-naphtalene au 
moyen de chlorure stanneux, sont diazotes en milieu sulfurique. La 
solution du diazo est versee dans I’alcool chaud; la reaction terminee, 
I’alcool est chasse par distillation. Le produit de la reaction est 
d’abord entralne par la vapeur d’eau, et puis distille sous pression 
r^duite. Le m£thyl-chloronaphtalene passe alors sous 16 mm lip entre 
180 -190°; il constitue une huile qui ne se laisse pas solidifier. Son 
picrate est en lamelles orangees, fondant a 79—80°, facilement solubles 
dans Palcool. Rendement 56 gr de chloromethylnaphtalene pur. 

Dosage de chlore: 

Substance: 0 - 2992 gr, A/jCl O'2424 gr. 

C n lI»Cl : Calculi Cl 20i0°/ o . 

Trouve Cl 20 05%. 

2.4-(= 1.3-)-Dimethylnaphtalene. 34 gr de lithium sont dissous 
dans une solution de 40 gr de 2-m£thyl-4-chloronaphtalene dans 150 cc 
d’6ther sec. On obtient ainsi un melange violet fonce que I’on de¬ 
double par 40 gr de sulfate dimethylique 6tendu de 30 cc dither 
anhydre. La distillation sous 10 mm de mercure a fourni une fraction 
liquide, distillant de 120 k 140° qui a ete traitee par de Pacide picri- 
que. Par cristallisation du melange obtenu dans I’alcool, nous avons 
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isoie deux pi crates dont i'un (5‘7 gr) fondait a 115—116°, I’autre (23 gr) 
a 88 -89". ! e premier s’est montre klentique au picrate du 2-metliyl- 
naphlaiemx tandis que I’autre represeniait le picrate du 2.4-dimethyl- 
uaphtniene. Le dedoublemcnl de ce dernier picrate nous a found 
9 3 or d’bvdiocarOwv pur. C.eiui-cj constituc tine Indie incolore, 
;.i odeur carnctenstique, bouillant sous 746 nun de mercure entre 
202 2643 

Vnalw du pic.rate; 

Substance; 08488 :*r, \ 10 2246 <\\ 

f v’aletik; leeeur eu acide pierkme 56'5 ,; (! . 

to. ;U\r 5 t 4 \V' 

I.abo) air ire dc {'.hiwir oryaniqnc 
a I f coir Polyu riwuuie tcUrqur dr Brnr 
f rdiceo$iovu{[iuc) . 


h i 0 I i <» u, r a p !! if. 

a r-rnron mu. ///. w. 4an; nrva, f\ \ :u. 
i n.T. 19(M, in 2116 . 

> />’//. Min, nr,. wi 

’) Anuuh'n KMO, /7U ] -M. 

') d< ‘i, vn:\ v». 

M -p/w/zv/ UH C -/ 62 , 14 . 

) lin. ?n2C *>, is in. 
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LE CARBONATE DE THALLIUM 
COMME fiTALON TITRIMfiTRIQUE *) 

par R. HAC et K. KAMEN. 

En analyse volumetrique, une s^rie de substances ont ete pr£co- 
nisees pour l’etablissement direct du titre des acides. Inexactitude du 
resultat depend,outre I’habilete de l’experimenteur,de nombreux facteurs 
lies aux caracteres individuels des corps reagissant avec les acides. 

Autant que nous sachions, le carbonate de thallium n’a pas ete 
propose jusqu’a present pour des determinations en question. 

Au debut de notre etude, nous avions simplement cherche a savoir 
comment se ferait sentir le poids moleculaire, favorablement eleve, du 
carbonate de thallium. Au cours de nos essais ulterieurs nous avons 
toutefois trouve a ce sel tant de propriety avantageuses que nous 
n’hesitons pas k le recommander comme excellente substance etalon 
pour etablir directement le titre des acides. La seule circonstance qui 
puisse s’opposer a son application plus etendue est peut-etre le prix 
assez elev6 des sels de thallium. 

Partie exp&rimentale. 

1. Preparation du carbonate de thallium pur et ses 

proprietes. 

La solubility relativement faible du carbonate de thallium dans 
1’eau (100 gr de solution satur£e ne renferment k 18° que 494 gr 
de n/!0 a ) fait pr^voir une preparation aisee it partir des sels de 
thallium plus solubles tels que l’azotate. Toutefois, cette voie habituelle 
ne donne pas pleine satisfaction, car la solubility du carbonate de 
thallium s’accroit d’une manure considerable en presence des sels 
neutres des metaux alcalins. 

Exemple: La precipitation de l’azotate de thallium par le carbonate 
de sodium donne naissance a Pazotate de sodium. Ce dernier sel, 
toutefois, augmente considerablement la solubilite du carbonate de 
thallium. Nous avons trouv6, par exemple, que 100 cc d’une solution 

*) Public en langue tcheque dans les Chemicki Listy, No. /, annee 1932. 
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saturee de NaNO e dissolvent k 24° 17*33 gr de Tl 2 (JO & , tandis que 100 cc 
d’eau de cette temperature n’en dissolvent que 5*03 gr. Le rendement 
en carbonate de thallium serait done mediocre pour cette raison. 

Des resultats satisfaisants ont ete obtenus en precipitant des so¬ 
lutions d’azotate de thallium par le carbonate de methylammonium. 
En effet, on a pu mettre en profit id le rabaissement de la solubility 
du carbonate de thallium par I’alcool dans lequel le carbonate, comme 
aussi l’azotate de methylammonium, sont bien solubles. On con^oit 
qu’on a du precipiter par un exces de carbonate pour empecher la 
precipitation de l’azotate de thallium. Toutefois, ce mode de preparation 
du carbonate de thallium est trop couteux. 

Si Ton part du sulfate de thallium, on peut preparer au moyen 
de la baryte caustique une solution d’hydrate thalleux que Ton trans¬ 
forme en carbonate de la maniere courante. Pour eviter la souillure 
par le baryum, nous avons opere la precipitation par une quantity 
de Ba(OH)« legerement inferieure a la quantity yquivalente au sulfate 
de thallium mis en reaction. En procedant ainsi nous avons pu ob- 
tenir le carbonate de thallium avec un rendement presque theorique. 

Dans tous les cas le carbonate de thallium se deposa en belies 
aiguilles luisantes. De nombreux essais nous ont montre que dejii les 
premieres precipitations constituaient, apres essorage, lavage a l’eau 
froideet dessiccation entre95 et 105°, un produit de purete extraordinaire. 

Lors de la preparation de I’azotate et du sulfate de thallium nous 
partions du thallium metaiiique renfermant un peu de cuivre. 

Nos experiences ont demontre que l’obtention des sels de thallium 
purs est d’une facility remarquable. Cela tient k ce que ces sels ne 
forment que difficilement des melanges sol ides avee les divers sels 
metalliques pouvant accompagner le thallium. 

2. Controle de la stability et de la purete du T1 2 V0 a . 

11 resulte des proprietes connues des sels de thallium qu’il faut 
preserver le carbonate de thallium de Tatmosphere souiliee d’hydro- 
gene sulfure, ainsi que de Taction des rayons solaires directs. Ces 
precautions, qu’il faut d’ailleurs observer aussi pour d’autres substances 
etalons, sont faciles a remplir. 

Parmi les proprietes qui sont en faveur de Tadoption du carbonate 
de thallium comme substance etalon, il faut signaler en premier lieu 
le fait qu’il ne forme pas d’hydrates. 

Le poids atomique du thallium, 204*39, a ete determine recemment, 
sans doute avec beaucoup de precision, et, ainsi que nous avons pu 
le constater, en commensurabilite avec le poids atomique du sodium. 
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L’Equivalent calculi par les poids alomiques habituels, ramenEs k la 
pesEe dans le vide (234*39), concorde pratiquement avec Equivalent 
dit rationnel, deduit pour les pesEes dans I’air au moyen de poids en 
laiton (234*3834), car la densite du est de 7*11. Pour les pesEes 

dans 1’air, au moyen de poids en aluminium, cet Equivalent rationnel 
serait de 234*4596, pour les pesEes opErEes avec des poids de platine, 
234*3615, par rapport k Equivalent pour le vide 234*39. La Constance 
du rapport 2 Tl : C0 ;t , difficile a verifier de maniere directe, decoule 
des resultats obtenus dans le titrage base sur le dit equivalent. 

L’essai d'hygroscopiciti a EtE effectue de la faqon suivante: 1*1796 gr 
de carbonate tres finement pulvErisE ont Ete exposEs, en creuset de 
platine, pendant 64 heures, a Taction d’une atmosphere saturEe de 
vapeur d'eau. Au bout de ce temps, i’augmentation de poids n’a fait 
que 0*0002 gr, ce qui est 0*017°/o du poids de la substance, et cor- 
respondrait a 0*004 cc environ d’acide N/5. L’atmosphere n’Etant ordi- 
nairement pas saturEe de vapeur d’eau, on peut conclure de ce resultat 
que le carbonate de thallium est pratiquement non hygroscopique. 

Nous avons de plus recherchE I’eau qui pourrait Eventuellement 
exister dans les cristaux soit k I’Etat d’eaux meres, soit sous forme 
de carbonate acide ou d’hydroxyde. Toutefois, la calcination du sel 
en tube a essai sec n’a donnE aucune buEe, ce qui milite encore en 
faveur de son application comme Etalon. 

Le carbonate de thallium finement pulvErisE acquiert rapidement 
un poids constant entre 90 et 105°. Ainsi qu’il sera montrE plus bas, 
tous nos essais mettent en Evidence que le sel ainsi sEchE rEpond 
parfaitement a Equivalent thEorique. 

La diffErence de poids entre la substance sEchEe a l’air et celle qui 
a Ete sEchEe dans les limites de tempErature signalEes est pratiquement 
nEgligeable. On le reconnait, par exemple, par les essais ultErieurs faits 
pour s’orienter sur la stability du Tl 2 CO a aux temperatures elevies. 

1*2018 gr d’un produit dessEchE seulement a I’air ont Ete chauffes, 
dans un bloc d’aluminium, pendant un temps prolongE, k des tempE- 
ratures maintenues constantes: 


T einperature 

Dur£e 

de chauffage 

Poids en gr 
avant aprfcs 

le chauffage 

Difference 

145° 

3 heures 

1*2018 

1*2017 

— 0*0001 

175° 

3 heures 

1*2017 

1*20165 

— 0*00005 

215° 

2 heures 

1*20165 

1*20095 

— 0*0007 


On peut done considErer le carbonate de thallium comme stable 
jusqu’St 175°. Ce n’est qu’aux tempEratures plus ElevEes qu’une dE- 
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composition partieile a lieu, ce qui se r£vele par un brunissement de 
la substance. 

On observe un meme brunissement lorsque le sel est expose, 
a la temperature du laboratoire, au rayons solaires directs. 

L’examen ultgrieur de la purete du produit porte sur la presence 
£ventuelle du cuivre, du plomb, du bismuth, des alcalis et des azotates. 

a) Recherche du cuivre. — Le thallium metallique servant k la 
preparation de nos sels de thallium, renfermait nettement du cuivre. 
Vu que le carbonate de thallium n’etait prepare qu’& partir de I'azotate, 
la recherche du cuivre a ete reportee sur ce sel. Elle a ete operee au 
moyen du ferrocyanure de potassium -. 1 gr de 11N0 B , qui s’etait se- 
pare dans une solution visiblement bleuatre par I’azotate de cuivre, 
redissous dans 50 cc d’eau exempte de sels de cuivre, n’a donne aucune 
reaction coloree par le K 4 Fc(CN) 6 en presence de NH t NO s . 

Etant donne que le cuivre se laisse deceler par le ferrocyanure 
mSme & une dilution de 1:2,500.000, on peut en conclure que la 
quantite de cuivre que renfermait 1 gr de TIN0 S etait inferieure 
a 0-00002 gr, soit pas meme 0-002%. 

La presence de sels de thallium ne nuit en rien it la sensibilite de 
la reaction: A une solution de 1 gr d’azotate de thallium dans 50 cc 
d’eau, si Ton ajoute reellement 0-00002 gr de cuivre sous forme de sel 
cuivrique, on observe avec le ferrocyanure une coloration rose nette. 

Par des essais ulterieurs nous avons d’ailleurs pu prouver que la 
souillure par le cuivre n’a pas meme lieu si I’azotate de thallium 
cristallise dans des solutions renfermant une quantite considerable 
d’azotate cuivrique. L’experience a ete faite avec des solutions dans 
lesquelles le rapport TUCu etait respectivement 10:1 et 5:1. Les 
cristaux de TlNO s ont ete essores, puis lave k l’eau froide. Apres 
dessiccation, on recherchait dans ces produits la presence de cuivre, 
mais avec un resultat negatif. Cela montre en outre que les cristaux 
d’azotate de thallium ne renferment pas d’eaux meres par occlusion. 

b) Recherche du plomb. — Notre thallium metallique ne pouvait 
pas renfermer une proportion de plomb facilement decelable, car ce 
plomb se serait trahi lors de la- precipitation par le carbonate de 
sodium. Pour nous assurer que i’azotate de thallium prepare par nous 
ne contient pas une proportion de plomb capable d’etre diceie, les 
essais suivants ont ete faits: 

Une solution de 2 gr de TlN0„ dans 50 cc d’eau a ete additionnee 
de 0-1 gr de NaJJO n . Le melange resta limpide. Si 0-0625 mgr de 
Pb sous forme de Pb(N0 8 ) 2 ont ete ajoutes k une solution de 2 gr 
de TlN0 B dans 50 cc d’eau, 1’addition de 01 gr de Na B G0 B provoquait 
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un trouble manifestement identique a celui qu’on obtenait a partir de 
la meme quantity d’azotate de plomb dans 50 cc d’eau pure. Cela 
prouve que la solubility du PbCO s n’est pas influencee par le sei 
de thallium, et que la proportion de plomb contenue dans 2 gr de 
notre azotate de thallium est inferieure a 0 0625 mgr, soil & 0‘003%. 

La cristallisation de TlN0 H dans une solution renfe’rmant une pro¬ 
portion considerable d’azotate de plomb (10 p. de Tl sur 1 p. de Pb) 
nous a fourni un produit chez lequel les essais signales donnaient un 
resultat negatif. Ce qui montre une fois de plus que la preparation d’un 
azotate de thallium exempt de sels plombiques est une operation aisee. 

cj Recherche du bismuth. — Vu que le thallium peut etre souilie 
de bismuth, nous avons etendu nos essais a la recherche de ce 
nietalloide dans nos produits. Une reaction coloree tres sensible des 
sels de bismuth avait ete decrite par A. Jilek. 1 ) Elle est basee sur 
la coloration jaune jusqu’a orangee produite par Taction de la thiouree 
sur les solutions des sels de bismuth. D’apres M. Jilek, la sensibility 
de cette reaction est environ de 0*0002 gr de Bi (sans indication de 
volume). Dans notre cas, il fallait tenir compte de ce que la thiouree 
donne avec les sels de thallium un precipite blanc volumineux. 
Si a une solution de 1 gr de TlN0 8 dans 20 cc d’eau on ajoute 
0 000017 gr de Bi a Petat d’azotate, le precipite forme est nettement 
jaunatre, surtout apres essorage. II semble done que dans ce cas la 
sensibility de 1’essai soit beaucoup plus grande. 

Etant donne que la solution de notre azotate de thallium donnait 
un precipite blanc pur, on est en droit de conclure que sa teneur 
en bismuth n’atteignait pas 0*017 mgr pour 1 gr d’azotate. 

En consideration du fait que les sels de bismuth subissent une 
hydrolyse considerable, les cristallisations des melanges des azotates 
de thallium et de bismuth ont ete operees en solutions fortement 
aciduiees par Tacide azotique. II se montra, ici encore, que dans une 
solution renfermant, par exemple, 10 atomes de Tl sur 1 de Bi, les 
cristaux obtenus constituent un azotate de thallium tout a fait pur. 
Cela s’accorde avec Tassertion de Grimm suivant laquelle la for¬ 
mation de cristaux mixtes n’est pas probable dans ces cas. 

d) Recherche du sodium .— Pour reconnaitre la souillure eventuelie 
du carbonate de thallium prepare au moyen de Na 8 GO s , un essai 
a ete fait dans des conditions manifestement favorables a la formation 
d’un produit impur: Une solution d’azotate de thallium a ete addition- 
nee d’une quantity deux fois equivalente de Na 3 C0 8 , le tout a ete 
evapore jusqu’a cristallisation, et le carbonate de thallium essore n’a 
ete lave que deux fois par 50 cc environ d’eau froide. Une solution 
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de 1 gr de sel seche a ete precipitee par du sulfhydrate d’ammonium 
fraichement prepare, le filtrat apres le Tl 2 S a ete evapore en capsule 
en platine, puls seche et calcine moder^ment. La difference de poids 
-f 0*0002 gr concordait avec celle obtenue en evaporant la meme 
quantity de sulfhydrate d’ammonium employe dans 1’essai precedent. 
On peut en conclure que la souillure par le carbonate de sodium est 
tout a fait invraisemblable. 

e) Recherche des azotates. — 1 gr de notre carbonate de thallium 
n’a produit aucune coloration avec la diph6nylamine en presence d’acide 
sulfurique concentre. Par contre, cette reaction coloree apparaissait 
aussitot qu’on ajoutait une trace d’azotate. 

Vu que le produit etait exempt des impuretes signaiees plus haul, 
cet essai compiementaire fait voir qu’il est egalement exempt d’azotate 
de thallium entraine. 

En resume, on peut dire que la preparation des sels de thallium 
purs ne presente pas la moindre difficult^. 

Verification de la neutralite des solutions de sulfate et de chlorure 
de thallium. — Ces essais ont ete faits en consideration du titrage 
du carbonate de thallium par i/ 2 /S'0 4 ou HCl en employant des indi- 
cateurs virant pour p H 7 environ, ou tout changement de c„. 
du au sel forme par la neutralisation a pour suite des ecarts dans 
la consommation de I’acide. 

En tenant compte des difficultes que presente la preparation de 
I’eau parfaitement neutre et sa manipulation, I'essai de neutralite des 
sels en question a ete effectue de la maniere suivante: 

Dans un cylindre colorimetrique, 3*8 cc de phosphate monopotas- 
sique M/15, ont ete ajoute it 6*2 cc de phosphate bisodique M/ 15, ce 
qui a donne 10 cc d’une solution dont p H — 7 (suivant les indications 
de Sorensen). 2 ) L’exactitude de cette valeur a ete verifiee electro- 
metriquement au moyen d'un electrode a hydrogene et k quinhydrone. 

Dans un autre cylindre on a place 10 cc d’eau distiliee. Lecontenu 
de I’un et l’autre cylindre a ete additionne de la quantite convenable 
d’une solution de p-nitrophenol {p ;i — 5*0 — 7*0), puis l’eau distiliee 
a ete neutralisee de maniere que ‘les deux teintes s’egalisent. Dans le 
cylindre renfermant I’eau on introduisait alors, par petites portions, 
du sulfate de thallium solide en comparant la teinte du liquide 
avec celle de la solution du tampon. La m^me experience a ete faite 
avec le chlorure de thallium. Dans le second essai 1’indicateur employe 
etait le rouge neutre ( p B — 6*8 — 8*0). Ni dans I’un ni dans 1’autre cas 
on n’a pu observer le moindre changement de teinte, ce qui permet 
de conclure k la parfaite neutralite du sulfate et du chlorure de thallium. 
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3. Verification de 1’alcalinite du carbonate de thallium. 

Elle a £te faite par titrage au moyen d’acides sulfurique ou chlor- 
hydrique N/ 5. Le titre de ces liqueurs a ete etabli de la mantere habi- 
tuelle par le carbonate de sodium prepare d’une part d’apres Lunge, 
d’aiitre part, & partir de l’oxalate de sodium d’apres Sorensen, et par le 
borax, substances ytalons universellement reconnues. 

Dans le titrage du carbonate de thallium on procedait comme il 
suit: Dans un verre & precipiter d'l£na, la substance,*) additionnle 
d’eau et de 6 gouttes d’une solution d’orange m£thyle, a ete titre 
jusqu’au premier virage d’abord, puis completement apres Pexpulsion 
de I’acide carbonique. Le point de virage du dit indicateur est tres 
net, surtout si on emploie l’acide chlorhydrique.**) 

Lors du titrage par HCl le chlorure de thallium ne tarde pas a se 
separer en lourds flocons blancs qui s’agglomerent rapidement et se 
rassemblent au fond du vase, de sorte que la liqueur, trouble au debut, 
devient limpide en peu de temps. Lorsqu’on chauffe, le precipite entre 
en solution. A la lumiere du jour, surtout au soieil direct, le chlorure 
subit lentement une decomposition: le precipite acquiert une couleur 
violette avec mise en liberte de chlore. En meme temps, la liqueur se 
decolore par suite de Paction destructive du chlore surl’orange methyle; 
la teinte primitive se laisse retablir par addition de cet indicateur. 
A la lumiere diffuse les changements que nous venons de signaler ne 
s’accomplissent que fort lentement, de sorte qu’ils deviennent per- 
ceptibles seulement au bout de 30 minutes environ. Ajoutons que ces 
processus accessoires n’ont aucune influence sur Pexactitude du titrage. 

Le titre ainsi etabli est bien entendu constamment un tout petit 
peu infgrieur & la valeur th£orique, ce qui est dfi, comme on le sait, 
a Pemploi de l’orange m4thyle. Si Pon devait ytablir le titre r£el, on 
serait oblige d’employer un indicateur virant aux environs du point de 
neutrality (phynolphtaiyine, rouge phenol). Toutefois, Papplication de 
ces derniers lors de la neutralisation du carbonate de thallium est 
rendue difficile par le fait qu’ils permettent de titrer seulement jusqu’i 
la formation d’un carbonate acide, c’est-it-dire & la consommation 
d’acide moitiy de la consommation totale; cette indication, de meme 
que chez le carbonate de sodium, n’est pas tout k fait prycise. De 
plus, on ne peut titrer qu’avec decomposition du carbonate acide 
formy et expulsion de l’acide carbonique par ybullition, ce qui exige 
beaucoup de temps, yventuellement l’yvaporation k sec du liquide. 

*) Vu que le sel n’est pas hygroscopique, on peut le peser en nacelle. 

**) Cela paratt 6tre dfl a ce que, le chlorure de thallium £tant tres peu so¬ 
luble, la solution ne renferme qu’ime trfes faible quantity de sel. 
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Tableau des titrages comparatifs de H 2 S0 4 et de 1ICI effectues 
au moyen de Tl 2 CO s d'une part et de carbonate de sodium, d’oxalate 
de sodium et de borax d’autre part. 


£ Substance etalon Acide 

1 77/ 'Oj (a partir de Pamalgame de 77f) ® e " s * 

2 » ■> 

3 

1 TL.OO* (precipite par Nil* dans une solution 
de TtNO a + NaHCO a ) 

c; TL.OOj (obtenu par cristallisation lente d’une 
solution de TlNO A +NaHCO*) 

6 Borax 

7 

S Carbonate de sodium 

9 


Volume 

Poids T,r 

en fff d’ackie 
en co 

1*1721 25*004 
1*1903 25*583 
1*1588 24*720 

0*9724 20*743 

1*1728 25*018 
0*9536 25*000 
0*9679 25*375 
0*2888 27*247 
0*2923 27*577 


Consom- 

matlon 

d’acide r ac- 
sensibl. feur 

Nib 
en cc 

24*840 1*0066 
25*420 1*0064 
24*570 1*0061 

20 611 1*0064 

24*871 1*0059 

24*835 1*0067 
25*215 1*0064 
27*089 1*0058 
27*401 1*0064 


10 

TLCOi (par cristallisation troublee de 
TIN (I* 4 i\'alICO a ) 

11 

» 

12 

Borax 

13 

> 

14 

Carbonate de sodium 

15 



sens. 
iV/5 No. 2. 


1*1755 

1*1778 

1*2009 

0*9536 

0*2851 

0*2898 


25*076 

25*125 

31*484 

25*000 

26*898 

27*341 


24*789 

24*829 

31*120 

24*717 

26*600 

27*025 


1*0116 

1*0119 

10120 

1*0115 

1*0112 

1*0117 


16 

Tl/JOj (par cristallisation troublee de 
TIN0 Z f NaHOO-i) 

17 

■> 

18 

Borax 

19 

•> 

20 

Carbonate de sodium 

21 



% No 6 "!' 1*1750 25*065 24*381 1*0281 

1*17545 25*075 24*405 1*0275 

- 1 0050 26*348 25*621 1*0284 

1*0009 26*240 25*536 1*0276 

0*2962 27*945 27*181 1*0281 

0*28675 27*053 26*326 1*0276 


22 Tl-COn (par cristallisation troublee de 

TlSO. A -f- NaHCOz) 

23 TiJJ(\ (par TINO* -f le carbonate de methyl- 

ammonium) 

24 77/:0 3 [par Tl.SO, + Jia(OH),] 

25 Borax 

26 

27 Oxalate de sodium 

28 


vf n 0 S .T 1*1721 25*004 24*536 1*0191 

1 1724 25*010 24*542 1*0191 
1*1729 25*020 24*561 1*0187 
1*0012 26*248 25*771 1*0185 
1-0C05 26*230 25*749 1*0187 
0*33775 25*207 24*734 1*0191 
0*3812 28*449 27*933 1*0185 


29 77/ (/, (produits reunis recristallises) llG !qi ns ' 

30 *•) 

31 >>*) 

32 7%CO a (par cristallisation trouble de 

TlN0 3 +Na^UOa) » 

33 TIXU\ (produit recristallis£ 5 fois)**) * 

34 Borax * 

35 

36 Carbonate de sodium > 

37 


1*1725 25*012 
1*1755 25*076 
1*2261 26*155 

1*1715 24*990 
1*2295 26*228 
1*0002 26*222 
1*0003 26*225 
0*2762 26*058 
0*3148 29*699 


24*445 1*0232 
24*502 1*0234 
25*565 1*0231 

24*428 1*0230 
25*633 1*0232 
25*633 1*0230 
25*635 1*0230 
25*464 1*0233 
29*030 1*0230 


(Pour les notes voir page 153.) 
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L’orange mdthyle, par contre, est prive de ces defauts; lors des 
titrages ires exacts il est bien entendu necessaire de tenir compte de 
la petite difference par rapport au titre reel. Pour cette raison, dans 
la s£rie de titrages citee, on tachait d’operer de maniere que le volume 
final de la solution titr£e fut pratiquement le meme. 

Tous les titrages ont 6te operes 4 la lumiere du jour diffuse. Les 
corrections de volume par rapport £t la temperature d’un acide sensible- 
ment JV/5 pour des temperatures autres que 15 ft ont ete determines 
par l’interpolation des valeurs figurant dans le tableau ci-joint. Ce 
tableau a ete dresse en mesurant la dilatabilite relative des solutions 
d’acides chlorhydrique, oxalique, sulfurique et de soude caustique 
de concentration exactement N/ 5. Les mesures ont ete effectuees 
dans un picnometre de 50 cc de capacite a col muni d’une echelle divisee 
en 0 01 de cc. Les fractions des centiemes de cc ont ete evaluees. Apres 
verification de la capacite du flacon a densite et de l’exactitude de 
Pechelle les corrections respectives ont ete introduites. La dilatabilite 
de chaque solution a ete mesuree au moins pour cinq temperatures 
differentes, allant de 15 & 25". Au moyen des courbes obtenues on 
a calcule les augmentations de volume pour 1°. En ramenant les 
chiffres obtenus a 1 litre on a pu dresser le tableau que void: 

Tableau de dilatabilite des solutions — JV/5 
(accroissement de volume en cc que subit 1 litre (15°) a la temperature t). 


t" 

7/67 .V/5 

O iV/5 

XaUI 7 A'/5 

HXO, X/5 

t“ 

16 

0T3 

014 

0-15 

016 

16 

17 

028 

0-30 

0-32 

033 

17 

18 

0-45 

0-47 

0-50 

051 

18 

19 

063 

064 

0-68 

070 

19 

20 

081 

0-82 

0-87 

090 

20 

21 

100 

102 

1-06 

111 

21 

22 

119 

1-23 

1-27 

1-32 

22 

23 

1-39 

1-44 

1-49 

1-54 

23 

24 

1-60 

1-66 

1-72 

1*76 

24 

25 

1-84 

1-90 

1-98 

2-00 

25 


t) L’amalgame de thallium a 6te soumis a Taction de I’eau et de 1’oxygene 
atmospherique, ce qui a fourni une solution de TlOH qu’on a transforme en Tl 2 C0 3 . 
La preparation est trfcs lente, aussi 1’avons nous abandonnee. 

*) Les essais 30 et 31 ont ete effectues avec un produit conserve pendant 
6 mois environ dans un bocal bouche a l’emeri, dans un endroit obscur. Le pro¬ 
duit a ete pese directement sans aucun traitement prealable (dessiccation, etc.). 

**) La cristallisation a ete repetee 5 fois pour constater si dans ces conditions le sel 
ne subit aucune diminution d’alcalinite (par perte de CO. t liberd hydrolytiquement). 
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Outre cela, nous avons effectue le titrage pondEral au moyen 
d’un acide chlorhydrique N/5 prepare k partir d’un gaz tout k fait pur. 

Determination ponderate au moyen de TUCO R du titre d’un IICl 
sensiblement N/5. 

L’acide chlorhydrique sensiblement N/5 servant k ces essais a EtE 
prepare a partir de HCl obtenu en faisant agir l’acide sulfurique con¬ 
cents sur du chlorure de sodium pur. Le titrage a etE effectue en 
presence de phEnolphtalEine avec Evaporation & siccitE. Le vase dont 
on faisait Ecouler I’acide chlorhydrique Etait un petit ballon de 1 / i de 
litre de capacitE. 

De cette maniere on a trouvE 07707 gr de HCl dans 100 gr 
d’acide. Pour contrdler la valeur trouvEe, une quantitE connue (27'392 gr) 
de cet acide a EtE prEcipitEe par la quantitE juste correspondante 
d’azotate d’argent.*) Dans le filtrat apres le prEcipitE on a recherchE 
l’exces Eventuel d ’Ay ou de Cl'.**) Qu’on ait ajoutE du chlorure de 
sodium ou de I’azotate d’argent a ce filtrat, le trouble Etait d’intensitE 
sensiblement Egale, ce qui permet de conclure & la parfaite Equi¬ 
valence entre Arf et Cl', c’est-a-dire confirme l’exactitude du titre trouvE 
au moyen du carbonate de thallium. 


Il iime jnstitut de Chimie analytique 
a I’Ecole Polytechnique tcheque de Prague 
(Tchecoslo vaquie). 

Bibliographic: 

') A. Jilek: Client, listy 1920 (XIV), 165. 

2 ) Sorensen S. P. L.: Biochem . Zeitschr . 21, 1909, 131. 


*) Produit »pro analysis fondu. 

**) Ce proced£ a 6te adopte dans la supposition que l'acide chlorhydrique 
employ^ etait exempt de chlorures. 



ELECTROLYTIC WATER TRANSPORT IN BARIUM 
CHLORIDE SOLUTIONS 

by J. BABOROVSKY and O. VIKTORIN. 

Using Baborovsk^’s method 1 ) the hydration of ions in barium 
chloride solutions was determined. 

A purest Kahlbaum specimen of barium chloride Omit Garantie- 
schein«) was used, all conditions usual in this method being other¬ 
wise exactly followed. The experiments were performed in an /’-ap¬ 
paratus consisting of two compartments. For each experiment a new 
parchment membrane was prepared. 

The solutions were electrolyzed by a current of 10 milliamperes 
for about two hours and the quantity of electricity passed through 
was measured by means of a silver coulometer. The solutions were 
analyzed gravimetrically. Before each experiment two analyses of the 
stock solution were made. Similarly also the concentrations of the 
solutions resulting after the electrolysis were ascertained by two 
concomitant estimations. All such analyses, calculated for a given 
weight of the solution, were in good mutual agreement and their 
arithmetical mean was taken for further use. The experimental results 
computed in the usual way are given in tables 1—5. 

Table 1 summarizes two measurements on a 2»-solution. As is 
seen from table 2 even with a normal solution discrepancies begin 
to appear between the group of experiments where the parchment 
membrane was cemented into the anode part (anode experiments) 
and the group of those where it was cemented into the cathode 
part of the apparatus (cathode experiments). This had already been 
experienced previously. 51 ) This discrepancy is only slight with the 
normal, but very distinct with the 2 w-solution. From two typical 
instances given in table 1 it follows that the transport number of the 
cation calculated from the anode experiment is 0197, whereas that 
computed from the cathode experiment is 0 , 348. Our experiments plainly 
show a considerable dependence of the above-mentioned discrepancy 
on the concentration of the solution investigated. With increasing 
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concentration the differences between the values of the transport 
numbers, as well as those between the amounts of the water trans¬ 
ferred eledrolytically, as indicated by the anode and cathode exper¬ 
iments, grow steadily larger. It must be emphasized, however, that the 
individual anodic, as well as individual cathodic experiments were 
concordant among themselves within the limits of experimental error. 

The results for a 07 w-solution are given in table 3, those for a 
0’2 ^-solution in table 4. At this concentration the quantity 2 is af¬ 
fected by a larger relative error than at other concentrations, because 
the change in mass of the cathode and anode part resp. before and 
after electrolysis amounts to only a few milligrams. Table 5 contains 
the results obtained with a 0T ra-solution. 

In 2«-, In-, 0*7 n*. and 0'2«-so- 
lutions of barium chloride the water 
is transported to the anode, whereas 
in a 04 n-solution it is transferred to 
the cathode. 

This phenomenon indicates a con¬ 
siderable dependence of ionic hydra¬ 
tion on concentration. This change 
in .the direction of water transport 
in solutions of barium chloride had 
already been observed by H. Re my. 3 ) 
The amount of water transferred, i. e. 
the number of moles transported by 
1 F of electricity at different concen¬ 
trations is seen from the graph Fig. 1, the number of moles of water 



being indicated on the vertical axis, and log —- on the horizontal axis 

c 

(r being the number of gram-equivalents of the salt in 1 liter). This 
curve has qualitatively a similar course to that found with the alkali 
chlorides, but is shifted partly below the X-axis. 

Table 6 giving a general survey of the results contains the arithm¬ 
etic means of the true transport numbers of the cation and of the 
quantity 2. It is apparent from this table that the dependence of the 
transport numbers on concentration is considerable, as might be 
expected in more concentrated solutions. The changes in weight of 
the electrodes were on the whole the same as in earlier investigations. 
A greater loss of the cathode in comparison with the indications of 
the coulometer (a few tenth of a mgr) could be explained by the 
slight solubility of silver chloride in the barium chloride solution. 4 ) 
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According to H. C. Hepburn 6 ) the linear dependence of the 
amount of solvent transported in electrolysis is a sign of a pure 
electrolytic transport not complicated by electro-osmosis. This relation 
holds not only in solutions of the alkali chlorides, 6 ) but also in those 
of barium chloride. 

Hittorfs 7 ) transport numbers, as far as they were measured in 
concentrations directly comparable with those of our experiments, 
are considerably different from true transport numbers found by 
Baborovsky’s method. This difference could be explained by the 
high hydration of barium chloride. 

Putting into the known equation 

r=(l —N)x — Ny 

for E, 1-JV and N the values found for a normal solution of barium 
chloride and supposing further that the hydration of the ion Cl' 
in barium chloride solutions is the same as in solutions of the alkali 
chlorides (ij ( ., 4 mol. 1I. 2 0) H ), it follows from this equation that the 

hydration of the ion Ba" is about 107 mol. II. 2 0. 

Re my 9 ) gives for the water transport E in a normal solution of 
barium chloride a value — 1 ‘23 mol. II, 2 0 which is in good accord 
with our value — 1*25 mol. II 2 0. The true transport number he 
calculated from Hittorf’s transport number («. - 0640) in ) using 
Washburn’s equation 11 ) 

Lfc 

true "Hitt. I* ? * * ' ’ 

w 

I? being the number of mol. // 2 0 transported by 1 F, n s the number 
of equivalents of the electrolyte, n w that of moles of water, n lrue and 
ti Hitt, the respective transport numbers. 

The correction — in W a s h b u r n’s equation for a normal solu- 

n w 

tion of barium chloride is — 0 - 022. H. Remy arrives thus at the 
value 4*5 mol. H 2 0 for the hydration of the ion Ba". This disagre¬ 
ement with our value is caused partly by different transport numbers 
having been used in the calculation, and partly by the circumstance 
that Remy accepts for the hydration of the ion Cl' the value of 
3 mol. H 2 0. 

W. Manchot, M. Jahrstorfer and H. Zepter 12 ) determined 
the hydration of ions in a quite different way (from the solubilities 
of nitrous oxide and acetylene in water and in solutions of salts) 
and found for the ion Ba." a value of 16*8 mol. U 2 0. 



158 


H. Ulich in ) calculated, from the decrease of the molar entropy, 
the hydration of the ion lia" to be 7-5 mol. H 2 0. His values in other 
instances are throughout less than the values found by the method 
of Re my or that of Baborovsk^. This fact he explains by the 
supposition of two kinds of hydration: a chemical and a physical 
one. He is convinced that by his calculation he determines only the 
chemical hydration, whereas by the method of the electrolytic tran¬ 
sport the whole hydration, chemical and physical, is evaluated. 

J. Baborovsk^ and B. Biirgl 14 ) proved that on a parchment 
membrane no electro-osmotic transport takes place. If this is so, then 
it is possible to calculate the absolute hydration of ions also in deci- 
normal solutions. For the ion Cl’ the value of 27 mol. H 2 0 was cal¬ 
culated. Supposing again that the hydration of this ion in decinormal 
solutions of the alkali chlorides is the same as in those of barium 
chloride we arrive at the value of 97 mol. H 2 0 for the ion Ba' in 
a decinormal solution. 


Table I. 

2 n-solution.*) 


Experiment 


Anode 

Cathode 

Coulometer reading 


00760 fl 

0 0784, 

Increase of the anode 


00248„ 

0*0253, 

Decrease of the cathode 


00259,, 

00260,-, 

Weight of the electrode ) before the experiment 

29*3325, 

293732 7 

solution \ after the experiment 

29-3286, 

293775; 

Concentration of the solution, grs of 1 
BaH ,j in 100 grs of the solution 

1 original 
anode 
cathode 

17-573 

17-526 

17-572 

17-652 

Weight of BaCl.y transported by 1 F 


20-561 

34-747 

Weight of H 2 0 transported by 1 F 


15031 

30-338 

1 —N 


0197 

0-348 



0-83 

1-68 

Temperature in °C 


230 

230 


*) Concentrations given in equivalents are only approximate. For designation of 
the true transport numbers and of the amount of water transferred electrolytically 
the same symbols are used (1 — N, N, S) as were used before under the sup¬ 
position that they were influenced by electro-osmotic transport. J. Baborovsk^ 
and B. Biirgl (Collection 1931, 3, 563) proved, that with a parchment membrane 
no electro-osmosis takes place. 



Cathode Anode Cathode Anode Cathode Anode Cathode Anode 
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Table VI. 

A complete survey of data. 

Concentration 2 n 1 n 07 n 0*2 h 0*1 n 

Experiments Cathode Anode Cathode Anode Cathode Anode Cathode Anode Cathode Anode 

1 — N 0 348 0197 0*299 0 278 0 309 0 291 0*338 0 352 0 376 0 376 

5 1-68 083 1-25 1-25 1 18 1 17 017 0-50 1*64 1'40 

1—AT mean — 0 289 0*300 0*345 0*376 

E mean — —1*25 —1*18 —0*33 + 1*57 


Summary. 

1. By Baborovsky’s method following transport numbers of 
barium chloride were measured at the approximate concentrations 
stated: 

2 n 1 n 0*7 n 0*2 n 0*1 n 

1 —N 0*348-0*197 0*289 0*300 0*345 0*376. 

2. The amount of water transported electrolytically at these con¬ 
centrations is: 

2 n In 0*7 n 0*2 n 0*1 n 

— 1*68 —0*83 — 1*25 — 1*18 —0*33 + 1*57. 

At all these concentrations except the lowest one water is transfer¬ 
red electrolytically to the anode. 

3. The amount of water transferred electrolytically is a linear func¬ 
tion of the dilution within the limits of the concentrations investigated. 

4. For the hydration of the ion Ba" in a normal solution a value 
of 10 to 11* mol. U 2 0, and in a decinormal solution a value of 
97 mol. H 2 0 was found. 

Received Jan. 26th, 1932. 

Institute of theoretical and physical chemistry, 
Faculty of Chemicotechnological Engineering. 

Ceske vysoke uSeni technicki, Brno. 


2* 




164 


Literature. 

‘) J. Baborovsky: Z. physikd. Chem. (1927), 129, 129—160. 

J. Baborovsky, J. VeliSek and A. Wagner:./. Chim. phys. (1928), 25, 
452-481. 

J ) H. Re my: Die elektrolytische Wasseruberfiihrung, Fortschrilte d. Chemie, 
(1927), Vol. 19, 2, p. 47. 

J. Baborovsky and A. Wagner: Z. physikal. Chem. (1928), 131, 129. 
J. Baborovsky and A. Wagner: Collection (1931), 3, 53. 

3 ) Z. physikal. Chem. (1925), 118, 161. 

4 ) J. Baborovsky and A. Wagner (Collection (1931),3,57) found that the 
dissolution of silver iodide in a solution of potassium iodide is taking place to 
a higher degree in the cathode than in the anode compartment of the apparatus. 

5 ) Proc. Phys. Soc. London (1926), 38, 363; ibid. 1927, 39, 99. 

*) J. Baborovsky and J. Velisek: Chem. Listy (1928), 22, 265. 

’) See e. g. Landolt-Bornstein: Phys.-chem. Tabellen, p. 1103. 

•) I. c. 

•) I. c. 

I0 ) F. Kohlrausch and L. Holborn: Das Leitvermogen der Elektrolyte. 
'*) E. W. Washburn: Z. physikal, Chem. (1909), 66, 549. 

Reisenfeld and Reinhold: Ibid. 1909, 66, 675. 
w ) Z. physikal. Chem. (1924), 141, 45. 

») Z. Elektrochem. (1930), 36, 497. 

'•) Collection (1931), 3, 563. 



THE ACTIVITY COEFFICIENTS OF SILVER ION IN AQUEOUS 
SOLUTIONS OF SOME STRONG ELECTROLYTES. - PART H 

by J. B. CHLOUPEK and VL. Z. DANES.*) 


B. Cells with mixed solutions. 

The following results were obtained with solutions saturated with re¬ 
spect to silver sulphate, and containing some other electrolyte of the same 
concentration as used previously in the solubility measurements (1. c. 5 ). 

The electrodes were filled with gently warmed solutions (35° C) 
previously saturated with silver sulphate; after attaining the new 
saturation equilibrium in the thermostat (25 - 00° C), (which was found 
to take place always very rapidly, in two hours approx, and no super¬ 
saturation phenomena were observed) the potential values were 
measured for some time. A definite time interval was always maintained. 
After some time (several days) the potential, which was at first very 
constant, began to show a slight drift to lower values (several milli¬ 
volts). We attribute this to some slight surface changes in the electrode 
material. This phenomenon does not interfere with the precision 
and reproducibility of the measurements. — The higher total salt 
content made possible a greater sensitivity in the determinations (to 
0 00001 V in best cases) and hence greater profit from the temperature 
coefficients of liquid junction potentials. 


Table 12. 

Results for sat. Ag t SO t in 0‘01 M K 2 SO t with junction sol ns.: 


sat. KN0 8 mean from 5 measurements 


» NaN0 H » » 3 

» NHiNOz » » 3 

» K 2 SOi » » 3 

Mixtures: 3:0’5 » » 3 

3:1 » » 3 

3:1*5 » » 3 

1*7:0*3 » » 3 


» 

> 

» 

» 


— 0-37980 V 

— 037773 

— 0-38029 

— 0-38204 

— 0-37968 

— 0-37956 

— 0-37934 

— 0-37928 


*) Presented before the Ceskd Akademie Vid a Umenl (Czech Academy of 
Science and Arts) Feb, 5th, 1932. 
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Table 13. 


Results for sat. /f,9 2 S0 4 in 002 M K 2 S0 4 with junction 

solutions: 


sat. KNO a 
» NaNO s 
» NHiN0 3 
» K 2 S0 4 

Mixtures 


mean from 6 measurements 


3:05 * 
3:1 * 

3:1*5 » 
1-7:03 » 


3 

3 

3 

3 

3 

3 

3 


— 0*37730 V 

— 0*37655 

— 0*37794 

— 0*37749 

— 0*37726 
-0 37718 

— 0-37705 

— 0-37699 


Table 14. 

Results for sat. Ag 2 S0 4 in 0*05 M K 2 S0 4 with junction 

solutions: 


sat. KNO a mean from 8 measurements 

» NaNO s * » 3 » 

* NHiNOa » » 4 

» K 2 S0 4 » * 3 » - 

Mixtures: 3: 0*5 » » 3 » 

3:1 » » 3 » 

3:1*5 » » 3 » 

1*7:0*3 » » 3 » 


— 0-37208 V 

— 0 37333 

— 0-37278 

— 0*37013 

— 0*37217 

— 0*37233 

— 0-37255 

— 0-37184 


Table 15. 

Results for sat. Ag 2 S0 4 in 01 M K 2 S0 4 with junction 

solutions: 


sat. KNOa 
» NaNOa 
» NII 4 N0a » 

* K 2 $0 4 * 

Mixtures: 3:0-5* 
3: 1 » 

3:1*5 » 
1*7:0-3 * 


mean from 6 measurements 

» » 3 » 


3 

3 

3 

3 

3 

3 


— 0-36784 V 

— 0-37113 

— 0*36871 

— 0*36281 

— 0*36819 

— 0 36860 

— 0*36912 

— 0*36761 
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Table 16. 


Results for sat. Aff 2 S0 4 in 0*2 M K 2 S0 4 with junction 

solutions: 


sat. KNO s mean 

from 4 measurements . 

. . — 0-36339 V 

» NaNO a » 

» 

3 


. . — 0 36864 

» NHiNOt » 


3 


. . —0-36428 

» K 2 S0 4 » 

» 

3 

» 

. . —0-35408 

Mixtures: 3:0-5 » 


3 

» 

. . —0-36371 

3:1 * 

» 

3 

» 

. . —0-36437 

3 :1-5 > 


3 

» 

. . —0-36493 

17:0-3 * 


3 

Table 

» 

17. 

. . —0-36286 

Results for sat. 

A(, 2 S0 4 i n 0-5 M K 2 $0 4 
solutions: 

with junction 

sat. KNOb mean 

from 6 measurements . 

. . — 0 35620 V 

» NaNO tl » 


3 


. . —0-36464 

» N1I 4 N0 8 » 

» 

3 


. . —0-35734 

» k z so 4 » 

» 

3 


. . —0-34413 

Mixtures: 3:05 » 


3 


. . —0-35675 

3:1 > 


3 

» 

. . —0-35772 

3:1*5 » 

» 

3 


. . —0-35897 


It is necessary to make use of the temperature coefficients of the 
junction potentials, in order to determine the true value of the electro¬ 
motive force of the cells mentioned. It will be well to emphasize 
that the solution 3:1 is not a universal one, and it does not suffice 
in the case of mixed electrode solutions, when the junction potentials 
are not so well defined as before. The best proportion to use must 
be investigated for each special case. The course to be taken here 
is as follows: with reference to diag. 5 (where the potential differences 
are plotted against the log of ionic strength, the curves being practi¬ 
cally straight lines) the values read there are combined with the 
temperature coefficients. The problem is simplified by the fact already 
mentioned that there is a common intersection point of the lines 
for single junction solutions, and the curve indicating the true po¬ 
tential values is also a straight line, one point of which is already 
known, hence it suffices to determine its slope. In the following table 
are given the temperature coefficients for various junction solutions. 
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Table 18. 


K x S 0 4 M 

KNO, 

Junction 

XaN0 3 

solutions 

nh<no 3 

K 2 SO, 

o-oi 

— 0*32 m V 

— 1-21 

+ 050 

+ 1 -os 

0-02 

— 0-44 

—1*37 

+ 0*55 

+ 0-85 

005 

— 0-70 

—1-49 

+ 0-42 

+ 066 

01 

— 0-74 

— 1-54 

+ 0*36 

+ 050 

02 

— 0*80 

— 1-86 

+ 0-34 

+ 0*47 

0'5 

— 0-90 

— 1-80 

-j-037 

+ 0T2 

for 0'1 m 
KCl 

— 005 

4 0-90 

— 092 

— 216 


The numbers tabulated are the average values from three determi¬ 
nations at least, and represent the change (in millivolts) ot the junction 
potential for ten degree C rise in temperature. 

In reality the temperature difference was only 5—6 degrees, from 
theoretical considerations (a compromise between the necessary pre¬ 
cision obtained by greater differences in practice and theoretical exi¬ 
gences of very small rise of temperature). The sign indicates the 
change brought about in the total potential value by heating the 



Figs 7. 

Potentials measured with different junction solutions in solutions 
of Ag 2 S0 i in KN0 3 . 

surface of contact, (+ stands for the rise, — for lowering), the silver 
electrode forming the positive pole. The numbers found are in accord 
with the course of the potential values, the only exception being 
sodium nitrate solution, where they were reversed (lowered), although 
the diffusion potentials rose with the concentration. We have not as 
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yet found any explanation of this anomaly. In the other cases, if we 
presume that the junction potential changes concordantly with its 
temperature coefficients, one can represent the true course of the 
potential differences as shown on diag. 7. 

In the following table are given both the true values of the 
electromotive force of the cells and the deviations caused by different 
junction solutions. 


Table 19. 

Differ, in milliv. for junct. solns. True value of 


h\S() 4 M 

A'A’O, 

XaNU, 

NH,N0, 

A’jW, 

E.M.F. 

001 

4-0*40 

- 168 

4 0-70 

4 - 2-60 

— 0-3794 i 

0-02 

+ 010 

— 0-65 

4-0-74 

4 - 0-29 

— 0-3770 

0-05 

— 0-90 

+ 0-40 

— 010 

— 280 

- 0-3729 

01 

— 1-80 

4- 1-50 

— 0-90 

— 6-80 

— 0-3696 

0-2 

-2-00 

4 3-10 

110 

— 1060 

— 0-3654 

0-5 

— 3-40 

+ 5-10 

— 2-30 

— 1510 

— 0-3596 


There is a distinct and coherent shifting of the differences. We 
measured also the electrode containing sat. A<j 2 SO i in 0 5 M (NII^SO^, 
since here we lack data for the lower concentrations, we give only 
the uncorrected potential value showing the shift. 


Table 20. 


AffiSOi sat. in 0‘5 M (NH A ) 2 S0 4 with junction solutions: 


KN0 3 sat. average of 

NaNO B » » » 

NH<NOg » 

K«80 t » s » 

Na 2 S0 4 135 M > * 

CnSOt 1-24 M 


three measurements E — 

4 >' 

3 » 

3 » 

3 

3 


-0 35960 V 

— 036845 

— 0-36086 

— 034505 

— 0*34898 

— 0-35358 


One can see that these values approach those obtained with 
potassium sulphate of the same concentration, being only a little higher. 
The electromotive force of this cell we estimate to be about — 0-362 V. 

The following cells contained Ag 2 S0 4 sat. in solutions of potas¬ 
sium nitrate. There we met with some difficulties, due to the junction 
potentials being badly defined, on account of greater difference of 
the type of the salts in question. The curves are here not straight 
lines as shown in diag. 7, where there is a marked difference in the 
shape of curves belonging to the type 1:1 (e. g. KN0 S ) and those 
of 2:1 salts (e. g. K 2 S0 A ). 
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Table 21. 


Results for sat. 

4<7 2 6'0 4 in 0-03 M KNO n 
solutions: 

with junction 

KN0 8 sat. average of 8 measurements E 

= — 0 38392 V 

NaN0 8 » » 

» 3 

— 038282 

NH 4 N0 8 „ 

» 3 » 

- 0*38393 

K 2 S0 4 » 

» 3 » 

— 0-38383 

Na 2 S0 4 135 M » 

» 3 

— 0-38402 

CuS0 4 124 M » 

» 3 » 

Table 22. 

— 0-38164 

Results for sat. 

A(/ z S0 4 in 0*06 M KN0 8 
solutions: 

with junction 

KNO a sat. average of 6 measurements E 

= — 0 38542 V 

NaNO s » » 

» 3 » 

— 0-38504 

NH 4 N0 8 * 

» 3 » 

— 0-38523 

k 2 so 4 » 

» 3 » 

— 0-38421 

Na 2 S0 4 135 M » 

» 3 » 

— 0-38408 

CuS0 4 124 M » 

» 3 

Table 23. 

— 0 38164 

Results for sat. 

Ag 2 S0 4 in 0i5 M KN0 S 
solutions: 

with junction 

sat. KN0 a mean from 8 measurements . 

. . — 0-38590 V 

» NaNO s » 

» 3 

. . — 0-38830 

» NH 4 N0 8 

2 > 3 » 

. . — 0-38523 

» K 2 S0 4 » 

» 3 » 

. . — 0-38040 

1-35 M JV« 2 S'0 4 * 

» 3 » 

. . — 0-38249 

1-24 3/ 0m6'0 4 

» 3 » 

Table 24. 

. . — 0-38375 


Results for sat. Ag. 2 S0 4 in .0-6 M KN0 8 with junction 

solutions: 


sat. KN0 8 

mean 

from 8 

measurements . . 

. — 0-38805 V 

» NaN0 8 


» 

3 

» . . 

. - 0-39310 

> NU 4 N0 B 

» 

» 

3 

» . . 

. — 0-37812 

» k 2 so 4 

» 

» 

3 

» . . 

. — 0-37895 

1-35 M Na B S0 4 

» 


3 

» . . 

. — 0-38004 

1-24 M CuS0 4 


» 

3 

» . . 

. — 0*38622 
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Table 25. 


Results for sat. Ay 2 S0 4 in 1*5 M KN0 8 with junction 

solu tions: 


sat. KNO a 
» NaNO s 
» NHtNO., 

» K 2 S0 4 
1-35 M Na 2 S0 4 
1*24 M CuS0 4 


mean from 8 measurements . 


» 3 » 

» 3 » 

» 3 » 

» 3 » 

» 3 » 


— 0-38795 V 

— 0-39358 

— 0-38642 

— 0-37027 

— 0-37216 

— 0-37798 


The corresponding temperature coefficients are tabulated here: 


Table 26. 


KX0,M 

Km, 

J u n 

NuNO s 

c t i o n 
NIT,XU, 

s o 1 u t i 
h\SO, 

o n s 

JVUjNO, 

CtlSU, 

003 

— 005 

— l'OO 

— 015 

+ 1-51 

+ 1-71 

+ 0-40 

006 

+ 0-03 

— 0"88 

+ 1-40 

+ 1-60 

+ 219 

+ 0-57 

015 

+ 0-30 

— 0-78 

+ 1-06 

+ 1-40 

+ 1-80 

+ 0-93 

0-6 

+ 007 

— 0-89 

+ 1-23 

+ 1-39 

+ 1-60 

+ 056 

1-5 

+ 056 

-063 

4-1-42 

2-31 

+ 2-27 

+ 1-71 


There are already some irregularities in the numbers, but the sign 
is concordant. The estimation is more difficult, nevertheless we have 
attempted to compute the true or rather the most probable value 
of the electromotive force. 


Table 27. 


Deviations for junction solns. 
006 015 


KNO s M 003 

junction solutions 

KNO a +0-1 
NaNO a —1-0 
NH 4 N0 a +01 
K 2 SO k 00 

Na 2 S0 4 + 0-4 
CuSO t — 2-2 
corrected . 
values — 03838 


+ i-o 

+ 0-7 

+ 0-6 

+ 31 

+ 0-6 

— 0-2 

-0-2 

— 4-8 

— 0-3 

— 2-7 

— 1-3 

— 1-4 

— 0-3844 

— 0-3852 


0-6 

1-5 

+ 0-8 

+ 08 

+ 5-7 

+ 4-8 

— 0-2 

— 2-4 

-8-3 

— 18*5 

— 7-3 

—16-6 

— 11 

—108 

— 0-3873 

— 0*31 
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The activity coefficients of silver ion in these solutions were 
calculated in the same manner as before in the silver sulphate solu¬ 
tions, using the standard potential value. Of the representative curves 
(see diag. 8) that for copper sulphate approaches most closely to 
a straight line. In the following, the results obtained with this solu¬ 
tion were included in those serving to calculate the activity coef¬ 
ficients of the silver ion. 



o Y/i i 

Fig. 8. 

The activity coefficients of Ag ions. 


Table 28. 


KNOJl 

y from most 
probable values 

y from res. with 

OuSU, 

003 

0738 

0-675 

006 

0-709 

0-656 

015 

0-629 

0-594 

06 

0471 

0-451 

1-5 

0-342 

0-339 


The activity coefficients obtained (for the silver ion) from all 
measurements made with Afi z S0 4 alone or together with K 2 S0 4 or 
KNO a were plotted in the diag. 8 (as logarithms) against YJi. The 
curve thus made served to derive the values for certain ionic strength 




173 


numbers, used for comparison with the results furnished by the 
Debye-Hiickel equation for some ionic diameters. (Tab. 29.) 


Table 29. 

The results from 
Debye-Hiickel equation 

H y (from the curve) a — 0 1 2 3 Angstrom 


o-l 

0695 

0-695 

0-721 

0-740 

0-758 

02 

0-624 

0-597 

0638 

0 661 

0-700 

03 

0-569 

0-532 

0-586 

0-628 

0-664 

05 

0-498 

0-443 

0-516 

0-574 

0-619 

07 

0-445 

0-381 

0-469 

0-536 

0-589 

01 

0-389 

0-313 

0-424 

0-502 

0-564 

1-5 

0-352 

0*244 

0-366 

0457 

0-527 


The best concordance between the experimentally found activity 
coefficients and the same functions calculated from the Debye- 
Hiickel equation is for the ionic diameter approx. 1 Angstrom. This 
small diameter is characteristic for the silver ion. 

In the previous paper (I. c. 5) are given the values for the acti¬ 
vity coefficients of silver sulphate. By combining them with the activity 
coefficients for silver ions, we can now calculate the corresponding 
function for <S0 4 ", according to the equation: 

\Yjt9" t .so,") 


Table 30. 


The activity coefficients of the sulphate ion. 



found y calc. 

r 

from D.-H. equ. 
for a = 3 

/« 

found 

7 

calc, u — 3 

00006 

0-911 

0-895 

01 

0-331 

0-326 

0001 

0-886 

0-868 

02 

0223 

0-235 

0003 

0*795 

0-786 

0*3 

0185 

0191 

001 

0*701 

0 654 

0-5 

0143 

0144 

0-02 

0-588 

0-560 

0-7 

0*108 

— 

003 

0*510 

0*504 

1*0 

0*094 

— 

005 

0*418 

0 427 

1-5 

0058 

— 
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In the higher concentrations the activity coefficient for SOf falls 
very markedly owing probably to the ionic association, as one might 
expect from other properties of sulphates, and also from the circum¬ 
stance that the ion in question is doubly charged. 

The authors wish to express their gratitude to Professor Quadrat, 
for many kindnesses and encouragement. 

The Institute of Physical Chemistry, 
Faculty of Chemico-technological Engineering 
of the Ceske Vysoke' Uceni Technicki, Prague. 

Summary. 

The present paper shows an application of the method of deter¬ 
mination of the activity coefficients of ions based on electromotive 
force measurements of appropriate cells. 

New types of electrode vessels and liquid junction bridges are 
described, adapted for measuring the electromotive forces with elimi¬ 
nation of oxygen, the chief aim in their construction being precision 
of measurement, ease of manipulation, and independence of single 
parts. 

Silver electrodes were measured in saturated solutions of the 
silver sulphate, using as solvents sometimes water and sometimes 
solutions of other salts of varying concentration, and working at 
2500° C. 

The value found for the standard silver potential: Ay (#), Ay : was 
/£% =■- — 0 7996 F. 

The other salts used as solvents were potassium nitrate and po¬ 
tassium sulphate. 

The values found served to calculate the activity coefficients of 
the silver ion. 

The activity coefficients of silver sulphate previously published 
by the authors were combined with the same function for silver ion 
to calculate the activity coefficient of sulphate ion. All these functions 
found experimentally were compared with numbers resulting from 
Debye-Huckel theory. 

The true values of electrode potentials given above were found 
by application of results obtained experimentally, while studying the 
influence of liquid junction solutions containing various types of 
electrolytes on the total E. M. F. of cells investigated, and by the 
use of the temperature coefficients of the liquid junction potentials. 
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POLAROGRAPHIC STUDIES WITH THE DROPPING 
MERCURY KATHODE. - PART XXV. - INCREASED 
SENSITIVITY OF MICRO-ANALYTICAL ESTIMATIONS BY 
A COMPENSATION OF CURRENT 

by D. ILKOVIC and O. SEMERANO. 

In polarographic analysis by means of the dropping mercury 
kathode the electro-reducible substance is estimated quantitatively by 
the height of the diffusion current or “wave” it causes on the current- 
voltage curve. With a galvanometer of sensitivity 6.10~ 9 amp. per mm 
a solution containing 10~ 4 ^r.-equiv. per litre causes a “wave” 40 mms 
high, with a drop-time of 3 sec.; then a solution 5.10 -8 n. causes 
a “wave” 2 mms high, which can be still distinguished to serve as 
indication of the presence of the substance in solution. This is the 
ordinary limit of the sensitivity of the polarographic method, which 
may be further increased 3 to 4 times at higher temperatures 1 ) and 
in the reduction of anions, such as N0 3 ', N0 2 ', 10 a ', BrO s ', about 
5 to 8 times. Thus in these special cases the sensitivity reaches 
10“ 6 gram-ions per litre, or — expressed in weight, since only ca. 02 cc 
are necessary to carry out the electrolysis, — 2.10~ 8 to 2.10~ 4 * gram. 
The solution is, of course, not affected by the electrolysis, which 
may be repeated any number of times with the same solution. 

It would seem perhaps possible that, if still more sensitive galvano¬ 
meters were used or a greater velocity of dropping applied, the sensi¬ 
tivity of the method should be further increased. However, when 
great sensitivities are used, a considerable' cuvrent, steadily rising with 
the polarizing E. M. F. is obtained, even if the solution is entirely 
free from atmospheric oxygen or other nobler constituents. 

Fig. 1. shows this current, reproduced with various sensitivities 
of the galvanometer. The prevailing portion of the curve is almost 
linear, the increase amounting to 1*35 -10~ 7 amp. per volt of the 

') V. Nejedly, Polarographic studies, Part 11., Influence of temperature. 
Collection 1, 319 (1929). 
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applied E.M.F. P. Herasymenko and J. Slendyk 2 ) explained 
this current as a “condenser" current necessary to charge the mercury 
drop to the potential required to counterbalance the applied E. M. F. 
in the same manner as a condenser is electrostatically charged by 
a non-electrolytic, i. e. non-faradayic current. This “condenser" current, 
required to charge the steadily renewed surface of the dropping 
mercury increases naturally much with the rate of dropping. In our 
experiments this rate was varied between one and three seconds 
per drop at zero voltage. At' a sensitivity of the order of 10~ 8 amp. 
per mm the increase of current is so great that the “waves" due to 
electro-reduction of less than 5.10~ 6 gr.-ions p. litre become in¬ 
distinguishable in the steep slope of the curve. 



which also prevents any further successful increase of sensitivity; 
this current, occuring at the very beginning of the curve, seems to 
be due to electro-capillary processes which charge the mercury drop 
to a more negative potential. 

To eliminate these currents, at least partly, the authors have de¬ 
vised the following scheme, shown in Fig. 2. 

Here the electrolysing vessel has the kathode connected through 
the galvanometer, terminals a b, resistance in series it 2 and a parallel 
resistance JS 8 to the potentiometric contact-wheel at c ; the galvano- 
metric terminal b is, further, connected through the resistance R x to 
the beginning of the potentiometric wire. To counterbalance the 

*) P. Herasymenko and J. Slendyk, Wasserstoffilberspannung und Ad¬ 
sorption der lonen. Zeitschrift fiir physikalische' Chemie A, Bd. 149, 123 (1930) 

3 
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“condenser” current passing from the kathode through a, b to c an 
equal current has to passes through the galvanometer from E lt l, a, 
Ji s to c. Assuming the former to increase linearly with the applied 
E. M. F. given by the position of contact c, complete compensation of 

the whole “condenser” current will be effected 
when an equal current will be branched off auto¬ 
matically by the contact-wheel through R lt b,a 
and H 8 . The condition thus is that the galvano¬ 
meter terminals have no difference of potential. 

This is effected when the drop of potential, 
E a , along J? a is equal to that, E s , along R n . 
The condition then is 

ik - =“ A’s — I. lt a — k • E ■ ll 8 , 

or IL — Tc (iij -f R 2 ) • Rs • The value k has 
been found equal to 1-35.10~ 7 amp. per volt. 

It is evident that two of the resistances may be chosen arbitrarily; 
for R 2 a small value is most convenient as it does not introduce any 
drop of potential between the kathode and c ; for R x a great resistance 
has to be chosen, as it otherwise would affect the drop of potential 
across the potentiometric wire especially as Ii 2 is small. Thus if 7t“i 
be taken 1000 ohm, Ii z 10 ohm, k — 1‘35.10' 7 , then 

R„ =* rnr-f-iTT = ca. 75.000 ohm. 

This resistance need not be calculated, as it is ear ily found empirically. 



Curve a not compensated, 

curve b compensated with resistances 24 = 1000, 24 = 10, =» 80*000 ohm. 



Fig. 2. 







Curve a not compensated, 

curve /> compensated with //, = 1000, Ji 2 - 10, 7A, — 25.000 ohm. 



Upper curve not compensated, 

lower curve compensated with 72 x = 1000, 7f a = 10, 77 3 — 30.000 ohm. 










In this manner the “condenser” current in Fig. 3 (curve a) has 
been compensated to the form shown in curve b. This compensation 
cannot, of course, be extended to the steep increase of the “electro- 
capillary” current at the beginning as this does not increase linearly 
with the applied E. M. F. 

Having thus found means to remove the intruding "condense!* 
current, a further step in the sensitivity of analytical applications 
could be reached, as illustrated by Figs. 4 and 5. 

In Fig. 4 decidedly more distinct “waves” are noticeable on curve b, 
which allow a much more reliable determination of their heights 
than the waves on the uncompensated curve a. 

Fig- 5 gives an example of the new limit of sensitivity reached 
by compensation of the “condenser” current here described. The 
drop-time here applied was 2 sec. 

The traces of 5.10~ 7 gram-equivalents per litre are still distinguish¬ 
able, which means a ten-fold increase of the sensitivity of the ordinary 
procedure, i. e. 10 s * to 10 -8 gram in 0 2 cc of solution. 

The authors are obliged to Professor J. Heyrovsk^ for his 
suggestions and interest in this work. 

. Received April 3rd, 1932. The Physico-chemical Institute, 

Charles University, Prague. 

Summary. 

The: sensitivity of the polarographic analysis for electro-reducible 
substances has been increased almost 10 times by the compensation 
of the “condenser” current, which becomes considerable when large 
sensitivities of the galvanometer are used and is practically proportional 
to the applied voltage. The sensitivity thus attained is such that in 
general 5.10~ 7 gram-equivalents per litre of reducible substances can 
be detected, i. e. 10 -8 to 10 -8 gram in the 0’2 cc necessary for carry¬ 
ing out the electrolysis. 



ACTION DU REACTIF DE GRIGNARD SUR LES 
PYRROLONES. SYNTHfeSE G£NERALE DES PYRROLS 
1.2.5-TRISUBSTITUES 

par R. LUKE§. 

Des mes premieres recherches dans cette s£rie j’ai observe que 
faction du reactif de Orignard sur la A r -m£thyl-succinimide (I) fournit, 
a cote des l-methyl-5-aIcoyl-pyrroiones-2 (II) comme produits prin- 
cipaux, encore des pyrrols 1.2.5-trisubstitues (III). 

Ces derniers ne se torment toutefois qu’en proportion tr£s faible, 
de sorte qu’on peut ordinairement les deceler uniquement par des 
reactions colorees. 1 ) Supposant que la transformation d’une succinimide 
A"-methylee en une alcoylmethylpyrrolone (II) constitue le premier 
degre de la synthese d’un 1-methyl-2.5-dialcoyIpyrrol (III), ainsi que 
le montre Ie schema 

OIL—CO CEi-CO CH—C—R 

I >NCH e - I >NCH a - I >NCE S , 

CH S —CO CH =C—Ii CH—C—R 

I II Hi 

je ne tardai pas £ faire agir Ie reactif de Orignard sur une pyrrolone 
preparee k l’avance, dans l’espoir d’obtenir ainsi les pyrrols en question 
avec un rendement plus considerable. 

Cette synthese successive laissait entrevoir, en outre, la possibility 
de preparer non seulement les pyrrols symetriques trisubstitues (111), 
mats encore des pyrrols k radicaux alcoyle diff6rents (IV) 

CH=C—lli 
I >NCH S IV 

CH—C—R^ 

Toutefois, cette deuxifcme phase de la synthese est loin de s’accom* 
plir aussi facilement que la premiere, dans laquelle I’heterocycle k cinq 
chalnons du corps initial reste clos pendant toute la synthese. S’il 
n’en etait pas ainsi, il seraif possible d’isoler du melange r6actionnel 
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soit la methylamide respective de l’acide cetonique (VI), soit cet acide 
merne (VII). Le premier de ces produits prendrait naissance d£j& 
par simple transposition de la pyrrolidone hydroxylee formee primi- 
tivement, le second par saponification du premier, comme le fait voir 
le schema: 

Clio—CO CH. 2 —C 0 — NHCH a CH,-COOH 

\ >NCH 8 — | - | + NILCHi 

CHn — COH—R CH 2 —CO-R CH 2 -C0—R 

V VI VII 


Toutefois, je n’ai pu d^celer parmi les produits reactionnels de 
la preparation des pyrrolones ni l’un ni I’autre corps. 

11 en est autrement dans Taction du reactif de Orignard sur les 
pyrrolones. Ici encore, j’admets comme produit primaire une 
/i 2 -pyrroline hydroxylee, dont le derive magnesyie se forme suivant 
I’equation 


OMgBr 


OH.—CO CIL—C—R' . 

| >NCH a 4- R'MqBr | >NCH» 
CH —C—R ’ CH —C—R 


Ce produit d’addition peut subir. des transformations ulterieures, 
et cela soit en milieu ethere avant la decomposition par l’eau, soit 
seulement lors de cette decomposition. 

Dans le premier cas, c’est-a-dire en milieu ethere avant Taction 
de I’eau, deux reactions ont lieu paralieiement: il y a soit detachement 
de HOMyBr avec formation d’un pyrrole 1.2.5-trisubstitue qui fait 
passer une autre molecule de magnesien & Petat de l’hydrocarbure 
correspondant, ou bien le produit additionnel reagit avec cette deu- 
xieme molecule de magnesien par substitution, ce qui donne une 
4rpyrroIine tetrasubstituee. Les deux reactions se laissent illustrer 
par les schemas suivants: 

CH—C—R 

| yNCH s + HOMgBr ^ R'H + 

CH~C — R' 

CH —V—R 

/ N £ H * f R'MgBr 
GE *— C <OMgBr 


Cll --C-—R 


\ 


NCH, 


/ z>r 

CHg-C<", 


• + oc 


MgBr 

MyBr 
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On voit que dans ce cas il s’agit de reactions analogues a Faction 
du reactif de Orignard sur la 2V-methylpyrrolidone, oil naissent, ainsi 
que je I’ai signaie eri temps et lieu, 2 ) soit des 4 ,-pyrroiines it cote 
des hydrocarbures, soit des pyrrolidines trisubstituees. 

Dans le deuxieme cas, c’est-it-dire quand le compost additionnel 
persiste inalter6 jusqu’st la decomposition par Peau, il se forme soit 
un pyrrol trisubstitue soit une /-dicetone: 

OMqBr 

I 

CH. Z — C—It 

| >NCH S + HOH 
('ll —C —ii 


CH—C—It 

-* 11 J) -f I >IVY7/J, 
Cll-C—R 


ms ClL-CO-Ii 

f 2 1L0 = M<, U “ 4 - NH/JIh 4- I 

m Clh—CO—Il 


OMqBr 

I 

oil— a 

i " >nch< 

rii 


OH 

I 

QJT Oil g C II 

= Mc, U “ 4- I >NCH s 

Iir CH ^(J—H 


Le fait que le pyrrol trisubstitue se forme partiellement dejit avant 
la decomposition par 1’eau, decoule du degagement d’ethane observe 
lors de Faction du bromure d’ethylmagnesium sur la methylethylpyr- 
rolone. Qu’il prend d’ailleurs naissance egalement pendant le de- 
doublement par l’eau, resulte des considerations suivantes: si la to¬ 
tality du pyrrol se formait avant Faction de 1’eau, cette action ne 
pourrait jamais donner de dicetone, car, une fois forme, le pyrrol 
ne subit aucune scission dans les conditions oil se fait la decom¬ 
position par Feau du produit d’addition. 

Dans le travail present, je communique les premiers resultats des 
syntheses executees dans la direction indiquee. J’ai soumis la 1.5- 
dimethylpyrrolone-2 a Faction du bromure de methylmagnesium, la 
1 -methyl-5-ethyi-pyrrolone-2 a Faction respectivement du bromure de 
methyl-, d’ethyl-, et de benzyl-magnesium, et, enfin, la l-methyl-5- 
benzylpyrrolone it Faction des trois reactifs en question. Comme 
produits du degre de saturation pyrrolique j’ai obtenu, d’une part, 
le 1.2.5-trimethyl pyrrol dejlt connu, d’autre part, des pyrrols nouveaux, 
k savoir le 1.2-dimethyl-5-ethylpyrrol, le 1 -methyl-2.5-diethylpyrrol, 
le l-methyl-2-ethyl-5-benzylpyrrol, le 1.2-dimethyl-5-benzylpyrrol, et, 
enfin, le l-methyl-2.5-dibenzylpyrrol. Le l-methyl-2-ethyl-5-benzyl- 
pyrrol a done ete obtenu par les deux voies possibles. La dicetone 
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a ete saisie d’une manure sure lors de la reaction de la I-methyl- 
5-ethylpyrrolone avec le bromure d’ethyl- ou de benzyl-magnesium, 
et de la l-methyI-5-benzylpyrroIone avec le bromure d’ethylmagn6- 
sium. 

Parmi les pyrrolines A. 2 j’ai pu isoler du melange reactlonnel la 

1- methyl-2.5.5-tri£thyl-4rpyrroline telle quelle, la 1.5.5 -trimethyl- 

2 - benzyl-/I 2 -pyrroline sous forme de son perchlorate cristallise. II est 
hors de doute que de telles pyrrolines prennent egalement nais- 
sance dans les autres syntheses citees, mais leur isolement est penible 
et ne reussit que dans le cas ou Ton opere sur une quantity suffi- 
sante de matiere premiere et que le magnesien employe ne renferme 
pas un exces d’halogenure d'alcoyle. 

Comme il a ete signale plus haut, ces syntheses donnent egale¬ 
ment lieu & la formation de ;’-dicetones. Leur proportion varie avec 
la nature du radical introduit et le mode operatoire. 

C’est ainsi que lors de la preparation du l-methyl-2.5-diethyl- 
pyrrol, oil le compose additionnel de la l-methyl-5-6thylpyrrolone et 
du bromure d’ethylmagnesium a ete decompose par I’acide sulfurique, 
on obtenait constamment un produit dont la teneur en azote denotait 
80% de dicetone et 20% seulement de pyrrol. II en etait de meme 
dans la preparation du l-methyl-2-ethyl-5-benzyIpyrrol tant que la 
decomposition a ete operee au mbyen d’acide sulfurique. L’ordre 
suivi dans l’introduction dans le noyau pyrrolique des groupes sub- 
stituants etait ici sans influence. Si, toutefois, toujours dans le meme 
cas, la decomposition a ete effectuee soit simplement par 1’eau, soit 
par une solution de chlorure d’ammonium ou une solution d’hydro- 
chlorure de methylamine renfermant de la methylamipe libre, le ren- 
dement en dicetone etait nul. II en etait de meme lors de la pre¬ 
paration du 1.2-dimethyl-5-ethylpyrrol et du 1.2-dimethyl-5-benzyI- 
pyrrol. La separation des dicetones d’avec les pyrrols correspondants 
n’est regulierement que penible. En face de ces melanges, je me 
bornais ordinairement k constater la presence de la dicetone au 
moyen de la semicarbazide, apres quoi j’ai chauffe le tout avec une 
solution alcoolique de methylamine pour obtenir le pyrrol. Speciale- 
ment dans le cas du l-methyl-2.5-diethylpyrrol j’obtenais un melange 
de celui-ci avec le dipropionyl-ethane, et qui distillait tr£s nettement 
entre 2 et 3°. 

Les donnees experimentales que j’ai pu rassembler jusqu’ici ne 
sont pas assez nombreuses pour qu’on puisse en deduire les meilleures 
conditions pour la preparation des pyrrols ou des dicetones. Je me 
propose toutefois de poursuivre mes recherches dans cette direction.; 
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Partie expErimentale. 

1 .5-DimEthylpyrrolone-2 et bromure 
de methylmagnesium. 

Dans le magnEsien obtenu k partir de 12 gr de magnesium, 300 cc 
dither et la quantity necessaire de bromure de methyle gazeux, 
a EtE verSE goutte S goutte une solution EthErEe de 50^7- de di- 
mEthylpyrrolone. Apres un repos de quelques heures, le melange 
a etE decompose par de la glace et de I’acide suifurique, ia couche 
ethErEe a EtE sEparEe, la couche aqueuse a EtE epuisee a. Tether. 
Le solvant des solutions Etherees reunies a ete chasse par distillation. 
Le rEsidu a EtE distille dans le vide; pendant cette operation la tem¬ 
perature s’est EleVee jusqu’a 160°, mais lors de la redistillation tout 
passait entre 80 et 90°. Le produit ainsi obtenu a ete chauffE pendant 
3 heures £ 160° avec une solution alcoolique de mEthylamine. 

Apres dilution avec i/ 2 0, le produit a ete epuise k Tether, et la 
solution EthErEe a EtE lavEe a Teau jusqu’a complete Elimination de la 
mEthylamine. Apres dessiccation et ecartement de Tether, le rEsidu 
a Ete distillE sous pression rEduite. Le point d’ebullition Etait entre 
55 et 56° (non corr.) sous 9 mm de mercure. 

Analyse: 

Substance: O' 1788 gr, 0*2606 gr; CO« O'5046 gr, 11 2 0 O'1642 gr, 

% 29'65 cc (742 mm, 18°). 

<7 7 ff n iV (109'1): Calcule C 770%, II 10 2%, N 12*8%. 

TrouvE C 77-0%, H 10'3%, N 12'7%. 

Note. — Cette prEparation est une de mes premieres syntheses 
de pyrrols. Je n’y ai pas encore poursuivi les produits secondaires. 
Faute de substance je n’ai pu la rEpEter jusqu’a prEsent 

1-MEthyl-Ethylpyrrolone-2 et bromure 
de mEthylmagnEsium. 

Le rEactif de Qrignard a EtE prEparE par introduction de bromure 
de mEthyle dans un mElange de 36 gr de magnEsium et 750 cc d’Ether 
absolu. Apres que le mEtal fflt entrE en solution, on maintenait le 
liquide pendant quelque temps au bain-marie, apres quoi une faible 
partie d’Ether a EtE chassEe par distillation en vue d’Eliminer autant 
que possible le bromure de methyle. Le liquide restant a EtE addi- 
tionnE de 62 gr de mEthylEthylpyrrolone en solution EthErEe. Au bout 
de plusieurs jours, le produit a EtE traitE par H a 0 et distillE dans un 
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courant de vapeur d’eau aussi longtemps que le distiilat donnait la 
reaction coloree du copeau de bois. La couche EthErEe du distiilat 
a EtE debarrassee de son solvant par distillation* le residu a EtE soumis 
a un fractionnement sous pression reduite. La portion principale 
passa I 85°. Une prise d’essai de ce produit ne fournit pas de semi- 
carbazone sous faction de 1’acEtate de semicarbazide, ce qui montre 
que le mode opEratoire signale plus haut n’engendre pas une pro¬ 
portion sensible de dicEtone. Malgre cela, le produit brut a EtE chauffe, 
comme dans le cas precedent, avec de la methylamine. Le produit 
purifiE distillait entre 186 et 187° (corr.) sous 761 mm de mercure. Le 
rendement Etait de 38°/ 0 du rendement thEorique. 

Analyse: 

Substance 019406 008 mgr; C0 2 0'5566 gr, II. 2 0 0i 844 gr, 
iV„ 0 608 cc (752-6 mm, 23"). 

C n tT u N (123-1): Calculi C 78-0°/ 0 , 11 10-6%, /Y 11-4%. 

TrouvE G 78-2%, H 10-6%, N 11 '6%. 

Note. — La technique ci-dessus conduit le plus rapidement & un 
pyrrol tres pur, presque exempt de dicEtone. 

1 -MEthyl-5-Ethylpyrrolone-2 et bromure 
d’Ethylmagriesium. 

Parmi les diverses preparations faites je n’en citerai qu’une seule: 
Une solution EthErEe de 125 gr de mEthylEthylpyrrolone a EtE intro- 
duite par gouttes dans le reactif obtenu a partir de 220 gr de bromure 
d’Ethyle dans 1 litre dither. Le gaz qui s’echappait a pu Stre reconnu 
comme de I’ethane. Apres un repos de 48 heures, la .decomposition 
a EtE opErEe au moyen de 1 kg de glace et de 100 gr d’acide sulfu- 
rique concentre. La couche aqueuse a ete EpuisEe plusieurs fois 
a lather, et les extraits ont ete reunis & la couche EthErEe principale. 
Apres Elimination de I’ether par distillation, il restait environ 50 gr 
d’un liquide composE (comme il a EtE constatE plus tard) de 1-mEthyl- 
2.5-pyrrol et de dipropionylEthane. 

La couche aqueuse a etE distillee dans un courant de vapeur 
d’eau, ce qui fit passer une huile; le distiilat aqueux donnait un 
prEcipitE avec 1’acEtate de semicarbazide. La distillation a EtE pro- 
longEe aussi longtemps que cette derniere rEaction Etait positive. Les 
portions huileuses du distiilat ont EtE sEparEes, et la couche aqueuse 
a EtE saturEe de potasse carbonatEe, ce qui sEpara une huile qui se 
prenait immEdiatement en cristaux. Ce produit cristallisE a pu Etre 
reconnu, plus tard, comme Etant du dipropionylEthane. 
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Le contenu du ballon distillatoire a ete sursaturg de baryte causti- 
que, puis distille de nouveau dans un courant de vapeur d’eau. 
Au debut, on voyait passer une quantite considerable de methyl- 
amine, plus tard une substance huileuse distillait. Ce dernier distillat 
alcalin a €t6 acidule par HCl et evapore a sec. 

Ce qui restait dans le ballon distillatoire a 6te s£pare par filtration 
de I’hydroxyde de magnesium, le baryum a ete elimin6 par H 2 S0 4 , 
Pacide bromhydrique par Cu 2 0; i’exces d’acide sulfurique a £te ecarle 
par Pl>(J0 6 , le plomb, enfin, par Phydrogene sulfure. L’dvaporation 
de la solution n’a fourni qu’un r6sidu minime, completement negli- 
geable. 11 en r^sulte 1. que la pyrrolone a du entrer entierement en re¬ 
action, car autrement on aurait trouve de l’acide homol6vulique, 
2 . que la fixation de l’organomagn£sien n’a pu s’accomplir de fa<jon 
asym£trique, ce qui aurait conduit a la 1 -methyl-5.5-diethylpyrrolidone-2. 

Les produits de reaction ont done ete divises en: 

1 . un melange huileux de dipropionyl6thane et de m6thyldiethyl- 
pyrrol, et qui a 6te transforme en m£thyldiethylpyrrol, 

2 . dipropionyiethane cristallise, 

3. un melange d'hydrochlorures des constituants basiques. 

1 -M e t hy 1 -2.5-d i ethyl pyrrol. 

Le melange sub 1. a £t6 chauffe pendant quelques heures It 160—170° 
avec un exces de solution alcoolique de methylamine. Par le procede 
habituel on a obtenu un produit distiliant entre 89*0 et 89‘2° (corr.) 
sous 13 mm de mercure, et It 201°—202° sous la pression de 739 mm. 

Analyse: 

Substance: 0'2102 gr; 7 606 mgr-, <70 2 0*6050 gr; 1L0 0'2054 gr; 

N 2 0‘698 cc (744 mm, 23°). 

(\H lh N (137-1): Calculi C 78-8°/,,, H 11-0%, N 10 -2%. 

Trouve C 78-5°/ fl , H 109°/ 0 , N 10-3°/ 0 . 

1 - M6thyl-2.5.5-triethy I- d 2 -pyrroline. 

Le melange d’hydrochlorures sub 3. a ete decompose par de 
l’alcali concentre et epuise a l’ether. La solution etheree a ete lavee 
& I’eau jusqu’a reaction alcaline negative, puis d£barrassee de son 
solvant par distillation. La base residuelle bouiilait a 116° (non corr.) 
sous 10 mm de mercure. 

Analyse: 

Substance: 8*428 mgr; N s 0-613 cc (747 mm, 22°). 

C n lh x N (167*2): Calculi N 8-4%. 

Trouvti N 8-3°/ 0 . 



188 


Dipropionylethane. 

Le produit cristallise sub 2. a ete presse sur une assiette poreuse, 
puis cristallise dans lather de petrole. DessechG dans le vide, il pre- 
sentait le point de fusion de 35°. Conserve pendant un temps prolong^ 
en vase clos, il sublime, et le sublime fond un peu plus haut que 
la substance initiate, c’est-^-dire entre 35 et 36°. Blaise 8 ) avait trouve 
son point de fusion k 35°. 

Le corps donne une disemicarbazone qui toutefois n’a pu 6tre 
obtenue k I’dtat pur: c’etait constamment un melange renfermant un 
corps moins riche en azote. 11 fondait & 213° et se laissait recristalliser 
dans I’acide acetique dilue, toutefois sans que son point de fusion 
change et sa puret£ augmente. II regen £rait assez facilement le di- 
propionylmethane; pour cela, il a suffi de le faire bouillir avec de 
I'acide chlorhydrique S 8% jusqu’jl complete dissolution, de distiller 
partiellement et de saturer le distillat de potasse carbonatee: la dicetone 
se separa k l’etat cristallise. 

Note. — Ce mode de preparer le methyldiethylpyrrol, le dipropionyl¬ 
ethane et la methyltriethylpyrroline est il est vrai lent, mais il donne 
es meilleurs rendements observes jusqu’k present. 

1 -Methyl-5-ethylpyrrojone-2 et chlorure 
de benzylmagnesium. 

Dans le reactif (3 mol.) prepare de la maniere habituelle a partir 
du chlorure de benzyle, du magnesium et de I’ether, on a verse par 
gouttes la methylethylpyrrolone (1 mol.). Apres 1 jour de repos, la 
decomposition a ete operee par de la glace et de I’acide chlorhydrique 
(1 mol. et demie). La couche ether£e a ete debarrass^e .de son solvant 
par distillation, puis soumise a un fractionnement. La temperature 
montait de fa?on continue de 142 & 190° sous 10 mm de mercure. 
Lors de la redistillation 3 fractions ont ete recueillies: la premiere 
jusqu’ti 165°, la deuxieme de 162 k 172°, la troisieme de 172° au-dela. 
La premiere fraction separa par refroidissement abondamment du 
dibenzyle; l’eau mere apres ce produit a ete r6unie k la fraction 
de coeur, puis disiiliee de nouveau afin d’obtenir le maximum de 
fraction k point d’ebullition eleve. Cette derniere a ete soumise & Panalyse. 

Analyse: 

Substance: 0 - 1861 gr; 8717 mgr-, CO z 0-5364 gr; H^O 0-1384 gr\ 
N 2 0-155 cc (741 mm, 23°). 

C u U„N (199*2): Calcuie C 84-4%, H 8 6%, N 7-0%. 

C 18 // 16 0 2 (204-1): Calcuie C 764%, H 7*9%, 0 161%. 

Trouve C 78-6%, 7/8-3%, 0 U’1%, N 2-0%. 
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Cette analyse permet de calculer que la fraction en question ren- 
ferme 29% de pyrrol k cdte de 71% de dicetone. En effet, elle donne 
un precipite abondant de derive semicarbazidique. On l’a chauffe 
k 160—170° avec de la m£thylamine alcoolique, et le pyrrol a ete 
isoie comme dans le cas precedent. Lors de la redistillation le point 
d’6bullition a ete trouve k 162° sous 10 mm (non corr.). Cette tempe¬ 
rature met en Evidence que dans le melange primitif ie pyrrol passe 
entre le dibenzyle el la dicetone et que la distillation fractionnee ne 
saurait le fournir k l’etat pur. En effet, une portion assez considerable 
de cette fraction de coeur ne se laissait pas traiter d’une maniere 
rationnelle. 

Analyse: 

Substance: 0-1940 #r; 11 *683 mgr; C0 2 06014 gr\ H z 0 01530 gr; 
N 2 0-697 cc (740 mm, 20°). 

C U H„N (199-2): Calcuie C 84*4%, H 8 6%, N 7 0%. 

Trouve C 84'5%, H 8 8%, N 6‘8%. 

Note. — Cette preparation ne convient pas & l’obtention du methyl- 
ethylbenzylpyrrol, parce que la separation d’avec le dibenzyle forme 
simultanement est tres penible. Le-meme pyrrol se forme aussi dans 
Paction du bromure d’ethylmagnesium sur la methylbenzylpyrrolone. 

1 -Methyl-5-benzyIpyrrolone-2 et bromure 
de methylmagnesium. 

3 mol. de magnesien ont ete addilionnees d’une solution benze- 
nique de methylbenzylpyrrolone. Apres quelques jours de repos, le 
produit a ete traite par Peau, puis distilie dans un courant de vapeur 
d’eau. De la couche etheree on a pu isoler le pyrrol presque exempt 
de dicetone (il ne donnait pas de predpite avec Pacetate de semi- 
carbazide). Le rendement ne depassait pas 19% du rendement calcuie, 
tout le reste s’est convert! en goudrons, it ce qu’il parait sous 
Pinfiuence de Palcalinite de la magnesie. Au bout de quelques jours, 
le produit brut separa de petits cristaux qui ont ete essores et re- 

cristallises dans I’ether de petrole, ce qui a donne de gros cristaux 

ayant jusqu’4 1 cm de diamfetre et fondant entre 50 et 51°. 

Analyse: 

Substance: 0-2428gr; 10'349 mgr; C0 Z 0-7506 gr; H 2 0 0-1780 £/; 
N t 0-681 cc (733 mm, 19-5% 

C n U lh N (185-1): Calcuie C 84-3%, H 8-2%, N 76%. 

Trouve C 84-3%, H 8-2%, N 7-4%. 
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Les eaux meres ont ete agitees avec de 1’acide chlorhydrique, la 
solution acide a £t6 d^barrass^e des impuret£s huileuses au moyen 
d’ether, puis alcalinis^e. L’huile separee a ete reprise dans lather et 
agitee avec de l’acide perchlorique I 5°/ 0 environ. A la surface de 
contact de lather et de I’acide il se separa une huile dense de per¬ 
chlorate de bases organiques, et, apres quelque temps, de menus 
cristaux. Ils ont ete etendus sur de la porcelaine d£gourdie, puis 
recristallises dans I’alcool, et fondaient alors constamment & 188°. 
La teneur en azote fait voir qu’on est en presence d’un perchlorate 
de 1.2.2-trim£thyl-l. 5-benzyKL-pyrroline. 

Analyse: 

Substance: 8 - 124 mgr\ N 2 0'340 cc (745 mm, 18‘5°). 

C h II 10 N.HCIO 4 (301 6): Calcule N 4‘6%. 

Trouve N 47%. 

1 -Methyl-5-benzylpyrrolone et bromure 
d’ethylmagn£sium. 

Preparation /. — Une solution preparee de la maniere habituelle 
£ partir de 327 gr de bromure d’ethyle, de 7*2 gr de magnesium 
et de 150 cc d’ether absolu a ete additionn£e par gouttes de 187 gr 
de m&hylbenzylpyrrolone dissoute dans 100 cc d’ether. Apres quel- 
ques jours, la decomposition a ete operee par de la glace et de 
I’acide chlorhydrique. La couche etheree a fourni une huile bouiilant 
constamment k 182° (non corr.) sous 13 mm de mercure. Malgre 
cela, l’analyse ^lementaire montra qu’on etait en presence d’une di- 
cetone impure, ce qui fut corrobore par le fait que l’hiiile ne donnait 
pas seulement les reactions du pyrrol mais encore la reaction des 
dicetones avec l’acetate de semicarbazide (precipite cristallin). 

Analyse: 

Substance: 0*2522 CO s OT\46gr; II.,0 O'1864 gr. 

C ls H n 0 2 (204-1): Calculi C 76-4%, H 7-9°/ 0 . 

Trouve C 77-3%, H 8-3%. 

11 resulte de cette analyse que le corps analyse renferme de 10 
k 15% de pyrrol; le reste est la dicetone. 

Preparation II. — Elle a ete effectu^e de la maniere decrite plus 
haut jusqu’it la decomposition par l’eau. Ici, le dedoublement a ete 
opere par de la glace, de l’hydrochlorure de methylamine et un peu 
de methylamine libre. Vu que dans cette solution la magn£sie form€e 
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dans le dedoublement est insoluble, on a du renoncer k la separation 
des deux couches et distiller le tout dans un courant de vapeur 
d’eau. A mesure que la methylamine. etait entrainee, l’hydroxyde de 
magnesium entrait en solution. Au debut, c’est I’ether qui passait, 
plus tard, l’eau renfermant des gouttes huileuses. Ces portions aqueu- 
ses ont ete agitees successivement avec le dit ether. Dans cette 
operation 1’eau cede l’huile k Tether, et, en meme temps, 6te k celui-ci 
la methylamine, de sorte qu’on finit par obtenir une solution neutre 
du pyrrol voulu. Apres dessiccation et ecartement de I’ether par 
distillation, le residu a 6te distilie dans le vide. Le produit passait 
entre 161 et 162° (corr.) sous 10 mm de mercure. Rendement: 50% 
environ du rendement theorique. 

Analyse: 

Substance: 0'2139^r, 12-637 mgr; CO* 06602 gr, 1I 2 0 01683 gr, 
N z 0-793 cc (755-6 mm, 21-5°). 

C U H^N <199 2): Caicuie C 84'4°/ 0 , II 8-6%, N 7-0%. 

Trouve C 84-2%, II 8'8%, N 7 2%. 

1-Methyl-5-benzylpyrrolone et chlorure 
de benzylmagnesium. 

Deux preparations ont ete faites qui ne differaient entre elles que 
par le mode de decomposition du produit additionnel: dans l’un des 
deux cas elle a ete op6ree par de la glace et du chlorure d’ammonium, 
dans 1’autre, par de 1’eau adduce par de l’acide acetique. Le resultat 
etait le meme, ni dans l’un ni dans I’autre cas on n’a pu deceler la 
dicetone en question. 

Le reactif organomagnesien a ete prepare a partir de 4-8 gr de 
magnesium, 25*2 gr de chlorure de benzyle et 100 cc d’ether. II a ete 
additionne de 18-7 gr de pyrrolone en solution benzenique. Au bout 
de 24 heures, le produit a ete decompose par 500 cc d’eau et 15 gr 
decide acetique. La couche benzeno-etheree a ete sechee, puis neu- 
tralisee par K z CO s en poudre. Les solvants ont ete chasses par 
distillation, le residu a ete distilie avec la vapeur d’eau aussi longtemps 
que Ton voyait passer du dibenzyle. Le residu dans le ballon distil- 
latoire formait, apres refroidissement, des resines parsemees de cristaux. 
Ces derniers ont ete isoies sur une assiette poreuse, puis recris- 
tallises plusieurs fois dans l’alcool. Apres cette operation, ils pesaient 
11 grammes (sans compter la portion restee dans les eaux meres). 
Les eaux meres, comme aussi les resines, ont ete traitees par l’acetate 
de semicarbazide, toutefois sans resultat positif. Dans les solutions 
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aqueuses on n’a pas trouve, non plus, de mgthylamine. Cela permet 
done de conclure a I’absence de la dicetone. Le l-methyI-2.5-dibenzyl- 
pyrrol obtenu fond constamment entre 92 et 93°. 

Analyse: 

Substance: 0i466gr, U'Wbmgr; ro, 04700 gr, IhO 0-0996 gr; 
N. z 0-573 cc (745 mm, 22°). 

C V ,II VJ N (261-2): Calcute r 87-3%, // 7-3°/ 0 , A r 5-4%. 

Trouve r 87-4%, H 7-6%, N 5-5°/ 0 . 


Institut de Chimie organique 
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COMPOSES COMPLEXES DU COBALT AVEC LA 

diphEnyl-Ethylenediamine 

par J. V. DUBSKY et A. LANOER. 

II y a quelque temps, E. N. Gap on {Bull. soc. chim. 1930, [4], 47, 
343—349) publia un travail sur les combinaisons complexes du cobalt 
avec la diph6nyl-6thylenediamine. Parti des considerations sur la pos- 
sibilite de dedoubler les composes k azote asymetrique 



cet auteur tacha de preparer des complexes de cobalt avec la dite 
diamine. On sait bien qu’en millieu ammoniacal les composes de co¬ 
balt bivalent se transforment aisement en composes complexes de 
cobalt trivalent, tres stables ceux-ci. Ce qui frappe toutefois, c’est 
que M. Gapon pretend avoir reussi & obtenir des composes com¬ 
plexes cobaltiques par oxydation de solutions alcooliques de sels 
cobalteux, en presence d’acide chlorhydrique plus ou moins concentre, 
et de diphenyl-ethylenediamine, au moyen d’un courant d’air prolonge 
pendant 5 & 7 heures. Ce qui surprend en outre, c’est qu’il obtient 
des sels cis (violets) dans des solutions fortement acides; quant aux 
sels trans , il suppose les obtenir dans des solutions moins fortement 
adduces et cela seulement aprfcs recristallisation dans Palcool. Chez 
les sels de configuration cis, il croit avoir prepare des sels acides bien 
qu’on ne connaisse de tels sels uniquement pour la forme verte trans. 

Dans la partie experimental de son memoire, les diverses ex¬ 
periences se trouvent decrites si sommairement qu’elles font neces- 
sairement naitre des doutes sur la possibility des faits signals. VoilH 
ce qui nous a determine k repeter les experiences en question avec 
autant de soin que possible. D’apres les resultats de notre recherche 
les indications de M. Gapon sont erronees, par consequent k rayer 
de la litterature. Ajoutons d’ailleurs que le memoire de cet auteur 
presente un ndmbre considerable d’erreurs depression et autres qui 
le rendent presque inutilisable. 
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. Partie expgrimentale. 

La diphenyl-ethylenediamine a gtg prgparge selon les indications 
de Morley*) (Ber. 1879, 12, 1793). Elle a etg identifiee par son point 
de fusion et le microdosage d’azote. 

Substance: 8‘50 mgr, N 0’992 cc (18°, 749 mm). 
{CH 2 NHC\,H h )o: Calcule N 13*21°/o- 
Trouvg N 13 - 49%. 

1. A. Essai de preparer le sel (CI^NHCJI^OoCk. 6 H,0 
a partir du J /s des quantites indiquees. 

A 1*2 gr de chlorure de cobalt hexahydratg et 2'2 gr de diamine 
dissous dans 33 cc d’alcooi on ajouta un melange de 0’7 cc d’acide 
chlorhydrique concentre et 26 cc d’eau. Dans la solution bleu vert 
on fit passer de 1’air en chauffant le ballon a reflux au bain-marie. 
Au bout d’une heure on ajouta encore 66 cc d’acide chlorhydrique 
concentre et on prolongea l’introduction de l’air pendant 2 heures 
et demie. Dans le cristallisoir on obtint un melange de corps bleu 
vert et incolores. L’eau mere apres essorage separa des gouttes 
huileuses bieues incristallisables. Les cristaux incolores furent sgpargs 
au moyen de I’eau dans laquelle ils ne sont que peu solubles. 

Le filtrat obtenu par dissolution dans l’eau des cristaux bleu 
vert gtait de couleur rouge orange. II sgpara, apres un temps pro- 
longe, des cristaux rouges, inorganiques, avec une tres faible propor¬ 
tion de mati&re verte. 

B. Essai, effectue avec les quantites indiquees par 

M. Oapon, 

3*6 gr de chlorure de cobalt hexahydrate et 65 gr de diamine 
furent dissous dans 100 cc d’alcooi. La solution fut additionnee de 
10 cc d’acide chlorhydrique dilug (2 cc d’acide concentrg, 8 cc d’eau). 
La liqueur de couleur rouge de vin, qui se colorait en bleu par chauffage, 
fut oxydge a chaud par un courant d’air. Au bout d’une demi- 
heure, elle fut partagge en 2 portions ggales. 

a) A la premiere portion on ajouta 10 cc d'adde chlorhydrique 
dilug (2 cc d’acide concentrg et 8 cc d’eau), apres quoi on introduisit, 
a chaud, de 1’air pendant 2 heures et demie. Apres un temps assez 
court, le liquide sgpara un melange de corps oranggs, rouges et 
incolores. Le tout fut essore, puis sgche a l’air. Pendant la dessic- 

*) Sous le nom d’gthylSne-diphgnyldiamine. 
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cation, les cristaux rouge orange prirent une coloration violette, et 
le corps incolore comments £k s’effleurir (en devenant blanc). Son point 
de fusion 6tait & 217°. Les eaux meres s6par6rent apres un temps 
prolonge une substance rougeatre qui au contact de Fair se trans¬ 
forma partiellement en un corps violet, fusible a 205°. 

b) La seconde portion a ete additionnee de 10 cc d’acide chlor- 
hydrique concentre et la solution rouge violet a 6te oxyd£e pendant 
autres 2 heures et demie. Lors de la filtration a chaud on a pu 
recueillir une petite quantity de cristaux rougeatres qui devenaient 
violets au contact de Fair. Point de fusion: 218°. 

Analyse:. 

Substance: 0-1072.gr, CoS0 4 0-0036 gr, Co l'27°/ 0 . 

Les eaux meres refroidies ont separS une substance cristallisee 
rouge violet. Essoree, lavee a l’ether et sech£e, elle fondait vers 
200° et presentait la teneur en cobalt suivante: 

Substance: 0i388.gr, Co,S'0 4 0-0150g-r, Co 411%. 

La fraction cristallisee ulterieure etait constitute par un melange 
d’un corps rouge violet et d'aiguilles bleu vert. 

II. A. Essai de preparer lesel 1.2 [( (CH 2 NII C' 6 // 5 ) 2 ! 2 Co (%] Cl 
a partir du % des matieres premieres. 

A lgr de chlorure hexa-aquocobalteux et 17 gr de diphenyl- 
tthylenediamine dissous dans 33 cc d’alcool on a ajoutt 8’3 cc d’acide 
chlorhydrique concentre. La solution bleu vert a ete oxydee a chaud 
pendant 5 heures. Par refroidissement, il se separa un melange d’un 
corps bleu vert avec une faible proportion d’un corps incolore. 
Le filtrat de ce mtlange a fourni par cristallisation un corps rubis 
et un corps bleu vert. Le melange des corps bleu vert et incolore, 
signale plus haut, a ete stpare par l’eau dans laquelle le corps incolore 
est insoluble. La solution filtrte a tte acidulee par HCl concentre, 
concentrte partiellement par tvaporation au bain-marie, puis abandonnee 
a la cristallisation. Les menus cristaux obtenus ont ett recristallists 
dans de l’eau acidulee, puis stcbes 4 Fair. 

Substance: 0 1053 gr, AgCl 0*1122 gr. Cl 26-36 # / 0 , 

0-1304 gr, CoSO t 0-0244 gr, Co 712%. 

0-1304 gr, perte & 110° 00232 gr, 5H 2 O.HCl\T19°l 0 , 
0-1679 gr, perte ik Fair sec 0 0191 gr, U 2 0 11*38%, 
0*01103 gr de substance s6ch£e (a Fair sec) c’est-a-dire, 
0*01252 gr de substance non sechee, N 0*789 cc 

(19°, 748 mm) N 7-25%. 


1 * 



1 % 


Calculi pour la formule: 

Cl 26-33°/ 0 . 

Co 7-23%. 

N 6-92%. 

5 H s 0 11-15%. 

6 HaO. HCl 17-88%. 

B. M£me essai fait avec les q uantites entieres i ndiquees 

par M. Oapon. 

Une solution de 3 gr de chlorure de cobalt hexahydrate et 5 gr 
de diph£nyl-£thylenediamine dans 100 ccd’alcool a et6 acidulee par 25 cc 
de HCl concentre. Le liquide bleu d’outre-mer a 6te oxyd£ it chaud 
pendant 5 heures. II s£para des feuillettes incolores accompagn£es 
d’une faible quantity de cristaux bleu vert. Point de fusion vers 210°. 

Les eaux meres fournissent apres un temps prolong^ de menus 
cristaux bleu vert dont I’analyse, apres dessiccation, a donn£ les 
chiffres suivants: 

Substance: 0*1031 gr, AgCl 0*1362 gr. Cl 32'68%, 

0*1105 gr, CoS0 4 0*0395 gr, Co 13*60%, 

0*1105 gr, perte k 100° 0-0049 gr, I1 2 0 4’43%. 

Calculi pour la formule: 

%% 

I 

Cl. .CIHNHCH % 

Co I II 2 0 

Cl' Cl\HNHCH« 

I 

CJh 

III. Essai de preparer le sel 1,2 [{(CH 2 NHCqH b ) 2 } 2 CoC 1 2 ]CI 
k partir du x /t des quantites indiqu£es. 

1 gr de chlorure de cobalt hexahydrate et 1*7 gr de diph6nyl-6thy- 
lenediamine dissous dans 43 cc d’alcool sont acidulls par addition de 
8-6 cc d’acide chlorhydrique concentre. La solution bleu vert est 
oxyd6 a chaud pendant 2 heures. Le refroidissement du liquide r£- 
actionnel s£pare un corps verdatre qu’on essore et qu’on seche k Fair 
pendant 24 heures. Point de fusion environ 210°. 


Cl 32*76%. 
Co 13*62%. 
IJ 2 0 4*16%. 


CHh %% 

I I 

Cl. . Cl]HNIKULCILHNIICl 

Co 6 H 2 0 

cr ’ci ii nhch 2 cilhn nci 
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Analyse: 

Substance: 01134 gr, CoS0 4 0*0055 gr, Co 1*84°/ 0 . 

L’tvaporation des eaux meres fournit une masse visqueuse de 
couleur bleu vert. 


IV. A. Essai de preparer le sel 
\,2[{(CH 2 NH('Jl 6 ) 2 ) 2 CoCl 2 ]Cl.HCl.2ILO a partir du Viodes 
quantit^s indiquees. 

A 1 gr de CoCl. 2 . 6 H 2 0, dissous dans 10 cc d’eau, sont ajoutes 
1*7 gr de (CIl^NllC^H^ et 5 cc de 11 Cl concentre. La suspension 
obtenue est oxydee a chaud pendant 2 heures. Apres refroidissement, 
on trouve de menus cristaux couleur chocolat pale qu’on essore, lave 
a lather et seclie a I’air. 

Substance: 0*1055 gr, A<iCl 0*0936 gr, Cl 21*95°/„. 

0*1090 gr, CoSO t 0*0020 gr, Co 0*69%, 

0*1090 gr, perte 100° 0*0169 gr, 11,0 15*50°/ 0 , 

0*1184 gr, perte a I’air sec 0*0059 gr, lf 2 0 4*98%. 

Calcule pour (C7/ 2 A r //%// 5 ) 2 . 2 llCl. 3 11,0 : 

Cl 3 11,0 1 11,0 

20*91%, 15*94°,o, 5*31%. 

Les fractions ulterieures du filtrat ne donnent pas de corps d£finis. 


B. Meme essai repttt avec la quantite entiere de 
matieres premieres. 

A 5 gr de CoCl ,. 6 1I. 2 0 et 8*5 gr de diphenyl-tthylenediamine dans 
30 cc d’eau on ajoute 25 cc d’acide chlorhydrique concentre, puis on 
oxyde le tout ft chaud pendant 2 heures. 

La solution chaude encore est debarrassee par filtration du petit 
residu verdatre, puis abandonnee & la cristallisation. Par refroidisse¬ 
ment, elle donne une matiere violatre qui, essoree et sechee & Fair, se 
met a verdir. 

Substance: 0*2270 gr, CoSO t 0*0148 gr, Co 2*48%. 

Les fractions ulterieures sont constitutes par un melange de corps 
gris violact et vert avec une faible quantity d'un corps fonce. 
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V. A. Essai de prdparer Ie sel 1,6[{(CH 2 NHC 6 U 6 ) 2 ) 2 CoC1 2 ]CI 
a partir du Vs des quantity indiqu£es. 

1 gr de chlorure de cobalt hexahydrate et 1*5 gr de diphenyl- 
ethylenediamine sont dissous dans 33 cc d'eau et 16*6 cc d’alcool. 
Apres addition de 33 cc d’acide chlorhydrique concentre le liquide 
rose est oxyde au bain-marie pendant 7 heures. En peu de temps, 
il se separe des cristaux faiblement brun violet qu’on recristallise 
dans l’alcool k 70%. Abandonnes k Fair, ces cristaux se mettent 
& verdir et, apres un temps prolong^, se convertissent en une matiere 
gris cendre. 

Substance: 0*1657 gr, OoSO 4 00022 gr, Co 0*50%. 


B. M£me essai repete avec les quantites entieres de 

corps initiaux. 

A 3 gr de CoCh . 6 H 2 0 et 4*5 gr de diphenyl-ethylenediamine 
(dans le memoire de M. Oapon figurent par erreur 45 gr) on ajoute 
100 cc d’eau, 50 cc d’alcool et 10 cc d’acide chlorhydrique concentre. 
Le melange est chauffe, puis oxyde pendant 7 heures. Apres quelque 
temps, on voit se s£parer des feuillettes faiblement rose violet (p. d. 
f. 221°) qui, exposees ^ Fair, deviennent partiellement blancs, partielle- 
ment verts. Les eaux meres font deposer, apres un temps prolonge, 
de menus cristaux brun rouge passant entierement a I’etat d’une 
matifere blanc sale (p. d. f. 219°) lors de la dessiccation. 

II resulte de ce que nous venons de dire qu'ik l’exception du 
sel double du chlorure de cobalt avec la diphenyl-ethylenediamine 
nous n’avons pu obtenir les autres composes complexes signals par 
M. Gap on. Le dit corps devait se former dans l’essai I, alors qu’en 
r£alit6 nous l’avons vu naitre dans 1’essai II B. Nous avons d’ailleurs 
reussi a le preparer meme sans oxydation, comme fraction de cceur 
lors de l’6vaporation de la solution de 1 mol. de chlorure de cobalt 
avec 1 mol. de diphenyl-ethylenediamine dans l’acide chlorhydrique 
concents. La t£trachloro-cobalto-diphenyl-€thylenediamine gtait de 
couleur vert bleu fonce, mais ne renfermait dans 1’un et l’autre cas 
qu’une seule molecule d’eau de cristallisation. 

Analyse: 

Substance: 0*1054 gr, AgCl 0*1385 gr. Cl 32*51%, 

0*1033 gr, CoSOi 0*0372 gr, Co 13*69%, 

0*1033 gr, pert k 100° 0*0042 gr, H 2 0 4*07%* 
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Calculi pour: 

CJh 

I 

\Cl. .CUH.NHCH, 

Co | H 2 0 

Cl' • Cl II.NUCH a 


Cl Co ± IhO 
32-76%, 13-62%, 4-16%. 


C 6 H, 

Pour ce qui concerne les autres corps, qui etaient de couleurs 
tres diverses (grise, brunatre, rouge violet, bleu clair, jusqu'a verte) 
on peut conclure par le point de fusion (200—220°) et le pourcentage 
de cobalt (0 ; 15—4-ll%de Co) qu’on est en presence de chlorhydrates 
de diph£nyl-ethylenediamines a teneur variable de chlorure de cobalt. 

Le chlorhydrate de diph£nyl-ethylenediamine pur, prepare par eva¬ 
poration d’une solution de la base dans 1’acide chlorhydrique, etait 
de couleur brun violet pale, fondait entre 226 et 227° et presentait 
la composition (CH,NHC a ll 0 ) 2 2 HCl.H z 0: 

Substance: 0-1275 gr, AtjCl 01202 gr, Cl 23-32%, 

01881 gr, IIJ) 0 0108 gr, ILO 5-74%. 

Calcuie: Cl 23*40%, 11,0 5-94%. 

Un corps de composition analogue mais de couleur rosatre a ete 
obtenu par refroidissement d’une solution saturee S chaud de diphenyl- 
ethylenediamine additionn£e d’acide chlorhydrique. (P. de f. 215—216°.) 


Resume: 

Dans le present travail on controle et critique les indications 
experimentales de M. E. N. Oapon (Bull. soc. chim. 1930 (4), 47, 343). 
On y montre que les composes complexes decrit par cet auteur ne 
se laissent point preparer suivant ses indications. Ce sont des 
melanges de chlorhydrate de diphenyl-ethylenediamine avec le chlorure 
de cobalt ou avec le sel double de ces composants. 

Brno, novembre 1930 — juin 1931. 


Institut de Chimie analytique de la Faculte 
des Sciences de r University Masaryk a Brno 
(Tchdcoslovaquie). 



THE HYDRATION OF SOME IONS IN O'1-MOLAR SOLUTIONS 

by J. BABOROVSKY', O. VIKTORIN and A. WAGNER. 


It has been shown in a previous communication, 1 ) that the 
electrokinetic potential on a parchment paper membrane is very 
small (less than 0’2 millivolts, this being the limit of accuracy of 
measurement). From this it can be concluded that the parchment 
membrane acquires in contact with pure (redistilled) water and with 
dilute water solutions of electrolytes a charge so small, that electro- 
kinetic phenomena (especially electro-osmosis) cannot disturb the 
determination of the so called electrolytic transport (of electrolytes 
as well as of water) in concentrations higher than 0*01 -molar, when 
using this membrane. The same conclusion was reached already by 
J. Velisek and A. VaSicek,-) who measured the electro-osmosis 
of water solutions of several electrolytes using a kaolin diaphragm 
and found that it can be disregarded also with kaolin membranes 
which, according to R e m y, 3 ) show electro-osmosis to a considerable 
degree, if only the concentrations are higher than 0 02- to 0‘05-moIar. 
Thus it may be rightly inferred that the influence of electro-osmosis 
must be still less with a parchment membrane which belongs, accord¬ 
ing to Remy, to slightly electro-osmotic diaphragms. 

If it is so, however, it is possible to neglect electro-osmosis also in 
our experiments on the hydration of ions in CH-molar solutions, 
and to assume that in these experiments also only the electrolytic 
transport of the electrolytes investigated and that of water is measured. 
This being taken for granted we can make the same calculation 
from the experimental data as in the instance of molar solutions. 4 ) 
This is done by solving (by means of determinants) four (or more) 
equations of the form 

f — (1 — n) x — ny, 

(e. g. the equations for the electrolytic water transport in solutions 
of two different halogenides of the same two metals), where n is 
the true transport number of the anion, (1— n) that of the cation, 
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x the hydration (in moles) of one gram-equivalent of the cation, y 
that of the anion and f the number of gram-molecules of water 
transferred owing to the hydration of ions by one faraday of 
electricity to the cathode (or the so called »electrolytic water transport* 
to the cathode). 

The quantities £, n and (1 — n) in 01-molar solutions of lithium, 
sodium and potassium chlorides were measured very precisely by 
J. VelfSek 6 ) and the results can be summarized by folloving 
equations: 

For KOI : 4-50 =- 0 550 x K - — 0 450 yes, 

For NaCl : 6'84 -= 0-464 x Xu — 0*536 y <v , 

For Lid: 8'44 = 0406 xu — 0594 y V s. 

The same data for 0-1-molar solutions of the bromides of the metals 
named were obtained by O. Viktor in by a method described 
previously,' 1 ) the results of which are given in Tables I. to V. 
The silver cathodes used in these measurements were covered 
(electrolytically) by silver bromide and dried at 90° to 100° C up to 
a constant weight. A coating of silver bromide dried at such com¬ 
paratively low temperatures adheres well to the (silver) electrode 
and does not fall off, though it clings less firmly to it than a coating 
of silver chloride formed in the same manner. The results obtained 
are expressed by following equations: 

For Klir : 4 32 — 0582 xk — 0'418 >/«, 

For Naftr: 6'00 =•- 0 486 xsa — 0 514 yn r >. 

For Li Hr: 8*15 = 0*401 irz.*- —0"599//a,/. 

From these values the hydrations of the ions considered in 0-1-molar 
solutions were calculated as given below: 

. xu = 62 mol. Hcfi ya> 26 6 mol. II 2 0, 
xm — 44'5 mol. H 2 0 yiu — 29 6 mol. ILO. 
xk- — 29-3 mol. H 2 0 

Because the determination of the quantities f and (1—») is less 
reliable in 0-1-molar solutions than in molar ones, A. Wagner has 
made control measurements*) on 0-1-molar solutions of potassium 
and sodium bromide. His mean values are in good accord with the 
values given previously, as is seen from the following survey: 

*) The aim of this control was to ascertain the errors due to personal equations 
of two independently working observers in performing certain delicate operations 
(e. g. in wiping off and covering the membranes, etc.). 
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£ (1 - n) 

according to Viktor in 
KBr 4-32 0582 

NaBr 600 0486 


I (1 — ») 

according to Wagner 
4-64 0-582 

643 0-498. 


Notwithstanding this, when these values of Wagner were 
combined with those of Velisek for potassium and sodium chloride, 
it was not possible to calculate in the way described the hydrations 
of the ions K\ Na, OV and Br\ because the calculated hydrations 
came out with negative signs which evidently has no physical 
meaning. It is thus apparent that the determination of the quantities 
£ and (1— n) must be made with the highest precision attainable, 
and it is to be hoped that a sufficient increase of this precision 
would somewhat lower the hydrations of the ions considered as 
given above. 

When the mean of Viktorin’s and Wagner’s values for £ and 
(1— n) in 0-1-molar solutions of potassium and sodium bromi was 
combined with Veltsek’s values for potassium and sodium chloride 
solutions of the same concentration, much higher hydrations of the 
ions mentioned were calculated: 


xtr =■ 63‘5 mol. ILO ycr = 67*5 mol. IIJJ 

w,‘ = 91 "7 mol. II 2 0 ' yiw'~ 77*6 mol. J BO- 

From this it is evident, how very sensitive these values are to 
the slightest errors made in determining the quantities £ and (1 — n ). 
For this reason we do not consider the lower values for the hydration 
of the investigated ions as given above to be quite definit, and 
it is possible that a more precise determination of the quantities 
£ and 1 — n will lower the hydration numbers still more. 

Putting the hydrations found for the ions CV and Br' into the 
equations for the electrolytic water transport in Oi -molar solutions 
of hydrogen chloride and bromide following from Wagner’s 1 ) 
measurements: 

0-64 = 0-873 xh- — 0-123 ycr 
0"86 — 0"867 xi'r — 0*133 yBr *, 


we can derive for the hydration of the hydrogen ion a mean value 
xir — 5 mol. IJ 2 0. 

In order to calculate also the hydration of the ion i', the electro¬ 
lytic transport of the salt and water in 0- 1-molar solutions of potassium 
iodide was determined by Baborovsk^’s method. A distinctive 
feature of these measurements was, that two alike electrolytic cells 




203 


consisting of two parts were used in series, one having the (parchment) 
membrane in the anode, the other one in the cathode part. By this 
simultaneous double measurement a complete identity of external 
conditions and thus also a better comparability of the results from 
both the anode and cathode compartments was ensured. Two silver 
coulometers were used, one before, the other one after the electro¬ 
lytic cells. The results of these measurements are summarized in 
Table VIII and the experiments 1 and 2, 3 and 4, 5 and 6 form 
pairs of simultaneous measurements. The data of both coulometers 
are in good accord with each other. The amount of silver separated 
in them agrees also well with that of iodine deposited on the (silver) 
anodes. On the silver cathodes coated with silver iodide black sponge¬ 
like silver is formed during the electrolysis which easily falls off. 

If we put into the equation 

5-62 « 0 610 xk- - 0-390 >jr , 

summarizing the results of these experiments, for the hydration of 
the ion K' xk- 29‘3 mol. ILO, we obtain for the hydration of 
the ion V in a 01-molar solution of potassium iodide the value 
yp ~ 31*4 mol. ILO. 

Comparing the values of the hydration of halogen ions in 1-molar 
and 01 -molar solutions: 

CT Hr' r 

1-molar solution 4 3 2 mol. ILO 

01-molar solution 26‘6 296 31‘4 mol. H 2 0, 

we see that their hydration in 1-molar solutions changes much more 
with the individuality of these ions than their hydration in 0’1-molar 
solutions. Apart from the direction of this change the values obtained 
make the impression as if the hydration of the halogen ions considered 
would, with increasing dilution, approach a certain limiting value 
identical for all three ions. If this could be confirmed by further 
research, it would constitute a proof, that the hydration of halogen 
anions and probably also that of other ions in concentrated solutions 
is of a chemical nature being apparently dependent on the individuality 
of the ions. On the contrary, in dilute solutions the hydration is of 
a physical nature being caused predominantly by the electrostatic attract¬ 
ion of the charge of the ion for the dipoles of water, the individuality 
of the ions losing importance. That this behaviour is more pronounced 
with halogen anions than with the cations investigated, may be 
connected with the larger volume of the former ions. 
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R e m y and Baborovskys collaborators V e 11 § e k and especially 
Wagner, observed that the parchment membrane causes certain dis¬ 
crepancies between the cathode and the anode data. For instance, 
Wagner found following (mean) values of £ and (1 — n): 


Electrolytic water transport 
S in moles 
Anode Cathode 


True transport number 

1 — n 

Anode Cathode 


01-molar solution of HBr 0 64 1'08 0'865 0869 

1-molar solution of HBr 0 22 0 77 0*859 0*897. 


This phenomenon was observed, though the individual anode 
data agreed well among each other, and so also the cathode data.*) 
This disaccord is especially striking in the 2-normal solution of barium 
chloride. 8 ) For this Viktorin found from anode data 0*197, from 
cathode data 0*348 as the transport number of the barium ion, the 
electrolytic water transport £ being — 0*83 from the anode, and — 1*68 
from the cathode data.**) These discrepancies grew larger with 
increasing concentration. Because electro-endosmose manifests itself 
mainly in dilute solutions, it is evident that the disaccord mentioned 
cannot be due to electro-osmotic phenomena. We must conclude 
rather that the parchment membrane causes in our experiments a one¬ 
sided transport, the mechanism of which is not yet entirely clear. 

Similar phenomena have been observed already by Hittorf in his 
fundamental researches on transport numbers. 9 ) He found that some 
diaphragms (clay and agar-agar) cause electro-osmosis consisting in 
movement of the solution of unaltered concentration towards one 
electrode (e. g. in the direction of the positive current). Other diaph¬ 
ragms (especially those of albuminous nature) separate, on the con¬ 
trary, salt solutions (below a certain critical concentration) into a more 
concentrated solution which moves under the influence of electric 
current in one direction (e. g. in that of the negative current) and 
a more dilute solution moving in the opposite direction (of the po¬ 
sitive current). A. Bethe and Th. Toropoff 10 ) observed even (on 
addition of rosolic acid) a change of the neutral reaction, when the 
electric current, in presence of different membranes, passed through 
the dilute neutral electrolyte at a high tension on the electrodes (up 
to 400 volts). When namely one kind of ions is absorbed by the 


*) The electrolytic water transport in 0*1 -molar solution of hydrogen bromide 
gave in two different experiments on the anode the values 0*65 and 0*63 resp. 
(mean: 0*64), on the cathode 1*04 and 1*12 resp. (mean: 1*08). 

**) The sign — of the quantity £ means, that water is not transferred by 
electrolysis to the cathode, but to the anode. 
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walls of the capillary pores, these ions become immobile so that within 
the pores the electricity can be transported only by the freely mo¬ 
vable ions of the opposite sign. In this way there result, in the boun¬ 
dary between the diaphragm and the free, liquid, changes of concen¬ 
tration of all present ions affecting the neutral reaction; also water (e. 
g. that attached to the ions in form of ionic hydrates), begins to move 
to one of the electrodes. The changes in concetration of the electro¬ 
lyte are, of course, different on both sides of the diaphragm and 
depend, as well as the transport of the water, on the concentration 
of hydrogen ions in the original solution. The parchment diaphragm 
caused under these conditions, e. g. in a millinormal solution of 
sodium sulphate, the solution on the cathode side to become acid, 
that on the anode side turning alkaline. According to E. B. Frideaux 
and his collaborators u ) the membranes (especially parchment paper) 
lessen for an unknown reason the mobility of anions (e. g. those of 
benzoic and salicylic acid). 



Fig. l. Fig. 2. 


The change in mobility of one ionic species caused by the mem¬ 
brane would manifest itself in our experiments by a change of neutral 
reaction, and we tried therefore to ascertain, whether this phenomenon 
takes place also in our measurements. To this end we modified 
suitably the electrolytic apparatus (see Fig. 1) and determined the 
hydrogen exponent pu of the investigated solutions before and after 
electrolysis on both sides of the diaphragm. Instead of the hydrogen 
electrode, which in unbuffered solutions would not give reliable 
results, 12 ) we used quinhydrone and hydro-quinhydrone electrodes 
resp. Quinhydrone was prepared according to Valeur 18 ) by mixing 
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alcoholic solutions of quinone and hydroquinone (in the proportion 
1:2). The investigated solution was agitated in a flask of pyrex glass 
with quinhydrone up to sauration. The measurements were made 
in a vessel represented in Fig. 2 at 20‘00 ± 0’02° C. The quinhydrone 
and hydro-quinhydrone electrodes resp. prepared in this way were 
combined with a 0"1-normal calomel electrode into a cell the electro¬ 
motive force of which was measured by means of a iC-type potentio¬ 
meter of the Leeds and Northrup Co. A mirror galvanometer (with 
a sensitivity of 2 5. 10~ 9 Amp./mm) served as zero instrument. A middle 
vessel connecting both electrodes contained a concentrated solution 
of potassium chloride. The results of measurements on a 2-normal 
solution of barium chloride are contained in Table X. The observed 
potentials of the quinhydrone and hydro-quinhydrone electrodes resp. 
were not entirely steady in these solutions, which may be connected 
with their unbuffered condition. A specific action of barium chloride 
on quinhydrone is also not excluded. The measurements designated 
by A were made with the quinhydrone, those designated by B with 
the hydro-quinhydrone electrode; in the first instance the hydrogen 
exponent was calculated from the equation 

0-4168 — K 

P " 005813 ’ 

* 

in the last one analogously from the equation 


pn 


0-3304 — /•; 
005813 ’ ' 


where E is the measured electromotive force of the cell. From the 
values of ph found it follows that similarly as in the experiments of 
Bethe and Toropoff also in our measurements the solution of 
barium chloride turns slightly more acid on the cathode side and 
basic on the anode side. From this and from the negative electric 
charge of the parchment membrane it would follow, that the said 
membrane lowers (perhaps owing to adsorption) the mobility of the 
(T anions and probably also that of the hydroxyl ions. 15 ) On the 
contrary E. Manegold and K. Vjets 18 ) demonstrate by their study 
of the dialytic properties of membranes, that parchment paper pre¬ 
vents the passage of the ions of alkali chlorides only in the beginning 
of dialysis, in solutions of hydrogen chloride, however, not the ions 
Cl’, but the molecules HCl are adsorbed; this adsorption of hydrogen 
chloride molecules, however, is annulled by adding potassium or 
sodium chloride. From this it is evident, how difficult it is to form 
a correct idea of the action of membranes. 
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Table I. 

m/10 IJBr 


Experiment 

Anode 

Cathode 

Voltameter reading in grs 

0*0806, 

0*0839, 

Change of weight of cathode in grs 

0-0577, 

0 0599, 

Change of weight of anode in grs 

0*0613, 

00633, 

Weight of the electrode 1 before the experiment 

25*0423* 

24*9102, 

solution in grs \ a ft e r the experiment 

24*9066, 

25*0516* 

Concentration of the electrode J or igbial 

0*8691, 

0*8693* 

solution: grs of LiJir in 100 grs J anode 

0*7677, 

— 

of the solution | cathode 

- 

0*9707, 

Li fir transferred in grs 

0*0264 2 

0*0266, 

H % (i transferred in grs 

0’1092 4 

0*1147, 

1 — n 

0407 

0*395 

c 

8*11 

8*19 

Temperature in p C 

22*0 

21*0 


Table II. 

LiBr 


Experiment 


Anode 

Cathode 

Anode 

Cathode 

Voltameter readings in grs 


0*0812, 

0 0800, 

0*0817, 

0*0790, 

Change of weight of cathode in grs 

0*0593, 

0*0578, 

0*0587, 

0*0555, 

Change of weight of anode in grs 

00607, 

0*0582, 

0*0619, 

0*0585, 

Weight of the , before the experiment 

25*8546, 

25-3421 0 

25*8368.*, 

25*8937 0 

electrode so- \ 

lution in grs [ after the experiment 

25*6896, 

25*4914, 

25*6764, 

26*03S7 a 

Concentration of the i 

\ original 

0*7179 0 

0*7178 0 

0*7182 7 

0*7182,, 

electrode solution: grs of 1 

anode 

0*6140 


0*6111, 

_ 

Li fir in 100 grs of the ] 




solution 1 

1 cathode 


0*8138 

— 

0‘8162 4 

Li Iir transferred in grs 


00277 B 

0*0267, 

0*0286, 

0*0265, 

fI A 0 transferred in grs 


01371, 

0*1226, 

0*1317 a 

0*1184, 

1 ~ n 


0*425 

0*414 

0*435 

0*417 

S 


10*11 

9*18 

9*65 

8*97 

Temperature in °C 


22*0 

23*0 

23*0 

22*0 
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Table 111. 

nj 10 NaBr 


Experiment 

Anode 

Cathode 

Anode 

Cathode 

Voltameter reading in grs 

0*0872, 

0*0823, 

0 0802, 

0*0851 1 

Change of weight of cathode in grs 

0*0620* 

0*0593* 

0*0597, 

0*0622 3 

Change of weight of anode in grs 

0'0653 8 

0*0628* 

00611, 

0*0645* 

Weight of the , before the experiment 
electrode sulo- 

tion in grs 1 after experiment 

25*7533, 

25*9606 tt 

26*5607* 

258998, 

25*6214 4 

26*0749 3 

26*4376o 

26*0215, 

Concentration of the elec- f ori ^ ina * 

1*0139 

1*0142 

1*0140 

1*0141 

trode solution : grs of XaJir <[ anode 

0*8591 8 

— 

0*8762 2 

— 

in 100 grs of the solution | cathode 

— 

1*1527 

— 

1*1613 

Nalir transferred in grs 

0’0410 o 

0*0372, 

0*0377 s 

0*0395, 

ff 2 0 transferred in grs 

O’OQll fl 

0*0770, 

0*0852 B 

0*0822, 

1 — n 

0*493 

0-473 

0 493 

0487 

£ 

6*26 

5*60 

6*36 

5-78 

Temperature in °C 

220 

21*9 

220 

22*0 

Table IV. 

m/10 KBr 

Experiment Anode 

Cathode 

Anode 

Cathode 

Voltameter reading in grs 

0*0796, 

0*0804, 

, 0*0839« 

0-0850, 


Change of weight of cathode in grs 

0-0563, 

0*0574, 

0*0602, 

0*0622, 

Change of weight of anode in grs 

0*0612 3 

0*0608* 

0*0634, 

0*0645, 

Weight of the . before the experiment 
electrode solu- ^ 

tion in grs 1 after the experiment 

26*0281 8 

25*1323* 

24*9449, 

27*6765, 

25*9103, 

25*2374 

24*8345* 

27*7916, 

Concentration of the elec- I or '£' Ila ' 

1*1837 

1*1838 

1*1837 

1*1840 

trode solution: grs of KBr J anode % 

0 9896, 

— 

0*9704* 

— 

in IQQgrs of the solution 1 ca fb 0 de 

— 

1*3809 

— 

1*3748 

KBr transferred in grs 

0*0516, 

0*0510, 

0*0542, 

0*0543, 

n 2 0 transferred in grs 

0*0661 a 

0*0540 fl 

0*0562, 

0*0606, 

1 — H 

0*588 

0*575 

0*586 

0*580 

£ 

4*97 

4*03 

4*01 

4*27 


22*8 21*7 22*0 22*2 


Temperature in °C 
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Table V. 

Summary of results. 


Solution 


Lilir 

NaBr 

KBr 

Concentration 

0*1 n 

0'7180</ns Lilir in 
100 grs of solution 

0*1 n 

0*1 n 

Experiment 

Anode Cathode Anode Cathode 

Anode Cathode 

Anode Cathode 

1 — n 

0*407 0*395 

0*430 0*416 

0*493 0 480 

0*586 0*578 

£ 

8*11 8*19 

9*93 9*18 

6*31 5*69 

4*49 4*15 

1 — n (mean) 

0*401 

0*423 

0*486 

0*582 

if (mean) 

8*15 

9*55 

6*00 

4*32 



Table VI. 




«/ 10 KBr and »/10 NaBr. 


n/ 10 KBr nf 10 NaBr 





1 " 



1 . 

2. 

3. 

4. 

5. 

6. 


Experiment 

Anode 

Cathode 

Anode 

Cathode 

Anode 

Cathode 

Coulometer reading in grs 

O*O8O3 0 

0*0804 a 

0*0806, 

0‘0805 fl 

0*0805, 

00806. 

Coulometer reading re¬ 

0*0595. 

0*0597, 

0*0596* 

calculated in grs of Br 







Change of weight of anode 

0*0595, 

0*0595* 

0*0596 o 

and cathode resp. in grs 

0*0597 fi 

0*0593 4 

0*0600, 

0 0591 4 

0*0601 0 

0*0591# 

Weight | 







of the before the exper. 
electrode 

24*1272 

25*1230 

25*1614 

24*2997 

24*1622 

25*0726 

solution Ufter the exper. 

24*0212 

25*2418 

25*0476 

24*4172 

24*0416 

25*2016 

m grs 1 







Concentration {original 
of the electrode g 

1*1799 

1*1799 

1*1808 

11808 

1*0165 

1*0165 

solution: grs of J Atk 

KBr and NaBr ) anode 

0*9740 

— 

0*9792 

— 

0*8617 

— 

resp. in 100 grs 

of the solution (cathode 

— 

1*3778 

— 

1*3911 

— 

1*1626 

Transferred KBr and 




0*0527 

0*0384 

0*0381 

NaBr resp. in grs 

0*0507 

0*0514 

00519 

Transferred H t 0 in grs 

0*0552 

0*0675 

0*0620 

0*0649 

0*0821 

0*0908 

1 -» 

0*572 

0*579 

0*583 

0*593 

0*500 

0*496 

e 

411 

5*03 

4*61 

4*82 

611 

6*75 

Temperature in f C 

20*5 

20*5 

19*2 

19*2 

20*0 

20*0 


2 
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Table VII. 
n/10 KBr. 

1 -n 


Anode 

Cathode 

Mean value 

Anode 

Cathode 

Mean value 

0*572 

0*570 

0*575 

4*11 

5*03 

4*57 

0*583 

0593 

0*588 

4 61 

4*82 

4*71 

0*578 

0-586 

0 582 

4*36 

4*92 

4*64 



w/10 NaBr. 





1 -H 



S 


Anode 

Cathode 

Mean value 

Anode 

Cathode 

Mean value 

0*500 

0*495 

0*498 

6*11 

6*75 

6*43 


Table VIII. 
it/10 KL 

(A. Wagner.) 





1. 

2. 

3. 

4. 

5. 

6. 

Experiment 

Anode 

Cathode 

Anode 

Cathode 

Anode 

Cathode 

Coulometer reading in grs 

0*0694 3 

0*0693,, 

0*0775, 

0’0776 0 

0*0778 6 

0*0781,, 

Coulometer reading re¬ 
calculated in grs of I 

0-0816, 

0*0913, 

0*0917 4 

Change of weight of anode 

in grs 

0*0816;, 

— 

0*0914 P 

— 

0*0917 7 

— 

Weight | 

f 








of the 

before the exper. 

25*1848 

24*4951 

23*7022 

24*6638 

24*2682 

23*7192 

electrode 









solution 

'after the exper. 

25 0579 

24*6275 

23*5588 

24*8112 

24*1199 

23*8660 

in grs ' 

i 








Concentration 
of the electrode 

original 

1*6432 

1*6427 

1*6435 

1*6440 

1*6471 

1*6467 

solution : 

grs of < 

anode 

1*3921 

— 

1*3477 

— 

1*3482 

— 

KT in 100 grs of 








the solution 

cathode 

— 

1*8924 

— 

1*9302 

- 

1*9461 

Transferred KI in grs 

0*0649 

0*0636 

0*0722 

0*0734 

0 0745 

0*0738 

Transferred H 2 () in grs 

0*0620 

0*0688 

0*0713 

0*0739 

0*0738 

0*0729 


Ut 


0*608 

0*596 

0*604 

0615 

0*621 

0*615 


t 

s 


5*35 

5*94 

5*50 

5*70 

5*67 

5*60 


23*0 21‘3 


Temperature in °C 


23*0 


21*3 


21*8 


21*8 
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Table IX. 
m/10 KJ. 


Anode 

1 — n 

Cathode 

Mean value 

Anode 

£ 

Cathode 

Mean value 

0*608 

0*596 

0*602 

5*35 

5*94 

5*64 

0604 

0*615 

0.610 

550 

5*70 

5*60 

0*621 

0*615 

0*618 

5*67 

5*60 

5*63 

0*611 

0*609 

0*610 

5.51 

5*74 

562 


Table X. 
2 n-Ba<'L 


Solution change in weight 

solution of the e i ectrode 

coulo- 

meter 

reading 

EMF 

meas¬ 

ured 

PH 

calcul¬ 

ated 

1 

Pn 

anode 

cathode 




anode 

cathode 

original A 



0*295 

5*06 



B 



0*294 

5*06 



anode 1 exper. 
cathode 1 A 0 0255 

0*0252 

00769 

0*307 

0*250 

5*28 

4*30 

4-0*22 

-0*76 

anode \ exper. 
cathode I Jt °' 0268 

0*0269 

0*0785 

0*292 

0*285 

502 

4*90 


-0*16 


Summary. 

1. Since, according to our previous work, electro-endosmose may 
be neglected in decimolar solutions of alkali halogenides, the following 
results could have been calculated for decimolar solutions in the same 
manner as has been done previously for molar solutions: 


K' 

29 3 mol. 1L,0 

or 

26*6 mol. IL 2 0 

Na 

44*5 mol. 11,0 

Hr' 

29*6 mol. IL,0 

Li ' 

62 mol. 1L,0 

r 

31 *4 mol. II 2 0 

ir 

5 mol. li. 2 0 




These values are not yet regarded as definite. The numbers of 
anions, when compared with those obtained from molar solutions, 
seem to tend with increasing dilution to a single common limiting 
value. This would indicate that hydration of halogen ions (and perhaps 
of all ions) is — in concentrated solutions — of a chemical nature, 
whereas in dilute solutions rather physical (electrostatic). 

2. Discrepancies between anodic and cathodic values, which were 
observed to a small extent in our previous investigations, increase with 
increasing concentration, as observed in solutions of barium chloride. 

r 
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As this phenomenon cannot be due to electro-endosmose, it seems 
to indicate that parchment membranes hinder transference in a certain 
direction, lowering the mobility of one ionic species, most probably 
of chloride ions; in consequence of this the solution becomes slightly 
alkaline on one side of the membrane, whilst acidic on the other. 

Received May 12th, 1932. 

Institute of theoretical and physical chemistry, 
Faculty of Chemico-technological Engineering, 
Ceske vysoke uceni technicke, Brno. 
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A LINEAR DEPENDENCE OF ENERGY LEVELS ON THE 
VALENCY OF ELEMENTS 

by V. KUNZL. 

Attention was first called to the dependence of X-ray spectra on 
the chemical state of the emitting or absorbing element by Bergen- 
gren 1 ) in 1921 who discovered it in investigating the X-absorption 
edge of phosphorus. Since that time Lindh, 2 ) Stelling, 8 ) Coster, 4 ) 
Lindsay, Chamberlain 5 ) and other authors accumulated further 
data for absorption (X- and Z-edges) as well as for emission spectra 
of elements in different valency state*. It was ascertained that the 
character of the X-ray spectrum depends on chemical combination, 
form of polymorphic (allotropic) modification, and even on sol¬ 
vation*) of the emitting or absorbing compound (or element). The 
change in character caused by the mode of chemical combination 
consists mainly in a shift of the spectrum towards the shorter wave 
lengths, when the element goes over from the free (uncombined) to 
a chemically combined state. The magnitude of this shift increases 
with decreasing atomic number and increasing valency. The kind of 
atom attached directly to the element in question is especially impor¬ 
tant, the shift decreasing in the following series of exchanges of 
directly combined atoms: 0 -+ N -* H -* C -* (Cl?). 1 ) 

Though many experimental facts are known in this respect, no 
sufficiently exact regularities have been discovered as yet In this 
paper an attempt has been made to find out the law governing the 
change in energy levels caused by combination with oxygen. 8 ) 

In order to eliminate as far as possible other influences, at first 
only oxides were studied, and the known data supplemented by the 
author’s own observations. It was found possible to use also data 
on more complicated compounds, in which the atom attached di¬ 
rectly with the element investigated is oxygen. 

Changes in X- and Z-Ievels were followed, the X-level was in¬ 
vestigated in the second short period and the first half of the first 
long period. In the second half of the first long period no regula- 
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rity could be searched for, as the influence of chemical combination 
lies here already within the limits of experimental error. No difference 
could be detected between the corresponding levels of free arsenic 
and of the same element in its highest oxide, though the accuracy 
of measurement was increased considerably to this end. In the 
L-series it was possible to study the influence of combined oxygen 
on elements of the second half of the second long period, where this 
influence causes a shift larger than the possible error of observation. 

As already stated the influence of chemical combination on the 
nature of the X-ray spectrum is characterized mainly by a shift of 
the absorption edge of the element in question, or a change of the 
respective energy level of its atoms. The best way of studying this 
influence is to follow the course of the differences between the energy 
levels, vjtt, of combined and free elements, which also furnishes 
a useful check on the accuracy of the measured values. 

Results. 

Attention has already been called to the personal equation in 
measurement of absorption edges. A suitable instance is the variety 
of values found by different authors for vanadium up to this date, 
which are considerably divergent:. 

Free vanadium Vanadium pentoxide Author 

2263 0 X. U. 2257-2 X. U. L i n d h 

22619 » Chamberlain 

2256-4 » Coster 

During this research new systematic measurements for free and 
bi- to quinque-valent vanadium have been published by S. B. H e n d- 
ricks and R.W.Q. Wyckoff 8 ) (Table 1). 

Table 1. 


Compound 

White line ^’-absorption edge 


long wave 

short wave 


length edge 

length edge 

VoO u 

2262-9 (2) X. U. 

2260 6 (2) X. U. 2256-7 (3) X. U. 



2258-9(3) » 

r 2 o R 


2259-5(8) » 

VO 


2260-1 (4) * 

V 


2263 2(3) » 
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The values found by the author of this paper are given in Table 2. 8 ) 


Table 2. 


Compound 

White line 

long wave length short wave length 

edge edge 

A'-absorption edge 

r a o s 

2262 9 X.U. 2261*4 X. U. 

2262*2 X. U. 

2257 2 X. U. 

v,o 4 


2258-8* » 

V 


22631* * 


In studying the fine structure of the ^-absorption spectrum of 
vanadium pentoxide the author found, besides the X-absorption 
edge and the white line given in Table 2, further edges, the values 
of which agree with those of Hendricks andWyckoff for lower 
valencies of this element. They are marked in Table 2 with an asterisk. 
For our purpose it is irrelevant, whether the lower valency states 
were formed by reducing action of X-rays (proved by K. Cham¬ 
berlain, 10 ) e. g. on iodine) or were present already in the original 
sample of vanadium pentoxide. 

A comparison of the values given for the white absorption line 
in Table 2 with those of Hendricks and Wyckoff shows that 
the width of this apparently identical line is in both instances some¬ 
what different. On the author’s plate it is 019 nuns corresponding 
to the width of the slit used (O'18 mms), whereas the line of 
Hendricks and Wyckoff is wider. As these authors do not 
give the width of their slit, an exact comparison is impossible, 
but it is clear that it is admissible to compare the other values 
given in Table 2 with those of the American authors. Thus the 
values marked with an asterisk in Table 2 are attributed to lower 
valencies of vanadium as stated, because they agree with the cor¬ 
responding values of Hendricks and Wyckoff, the values for 
vanadium pentoxide being also in good mutual accord. 

The difference between the values of the X-absorption edges of 
free and quinquevaient vanadium calculated in viR from the cor¬ 
responding wave lengths is the same, whether we take the measure¬ 
ments of the present author or those of Hendricks and Wyckoff, 
namely 1:2, which value is, within the limits of experimental error, 
identical with the difference calculated from Lindh’s measurements. 

From this discussion on vanadium it is apparent that the dis¬ 
agreement between the values given by different authors is not 
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caused only by a simple inaccuracy of measurement, but rather by 
the personal equation mentioned already, namely the circumstance 
that different authors measure the absorption edge in different places. 
This personal error is eliminated or at least substantially limited by 
calculating the differences' between the values of the absorption edges 
only from measurements of the same author. 

As mentioned above, the shift of the absorption edge depends 
on the valency of the element investigated and on the element 
directly bound to it. For this reason the present author, in studying 
the dependence of the difference between the absorption edges of 
free and combined elements on the atomic number and on the 
valency, used only the values for the oxides, and where they were 
inaccessible also for such compounds in which the element investi¬ 
gated is attached directly to oxygen. 

It is not necessary to consider also the element only indirectly 
combined with the element investigated, because its influence, accord¬ 
ing to results of different authors, does not transgress the limits of 
experimental error, and if it does so, this influence is so small, that 
it is irrelevant for our purpose. 

Consider for instance the values of the AT-absorption edge of 


potassium 3 ) in Table 3. 

Tab 1 e 3. 

Potassium. 3431 '0 X. U. 

» cyanide. 3429*3 X. U. 

* hydrogen fluoride . . . 34257 X. U. 

* persulphate. 3427 3 X. U. 

* chlorate. 3427 2 X. U. 

» bromate. 3427 5 X. U. 

* iodate.. 3427*2 X. U. 

* sulphate. 3426*3 X. U. 

» hydrogen sulphate . . . 3426*6 X. U. 

» carbonate. 3427*5 X. U. 

» hydrogen carbonate . . 3426*3 X. U. 


In the compounds given, except the first three instances, the 
potassium is bound directly to oxygen and indirectly to different 
other elements. The mean difference between the last eight values 
does not exceed 0*6 X. U. which is about the error of observation. 
The greatest difference is 1*2 X. U. This makes about 0*1 in v/R. 
As is seen from the graph (Fig. 1), this value has no influence on 
the course of the dependence. 
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For other elements, irrespective of their character (positive or 
negative) in the compound considered, the results are analogous in 
this respect, as far as a sufficient number of compounds could be 
compared. 

Table 4 contains the values of A-energy levels of elements of 
different valency directly bound to oxygen. Where the element in 
question is indirectly combined also with another element besides 
oxygen the value is marked by one asterisk. Where values for several 
different compounds of an element in the same valency state and 
bound directly ter oxygen were at disposal, a mean of all was taken 
and those values are marked by two asterisks. That we are entitled 
to take this mean follows from the foregoing considerations. (Table 4 
see on page 218.) 

Table 5 contains the differences between energy levels of the 
free and the combined element as measured by the same author. 
(Table 5 see on page 219.) 

Some values given in Table 4 remained unused in calculating 
the differences contained in Table 5, e. g. those where the respective 
author measured only the values for the combined element. These 
values may be used for test purposes. E. G. St el I i rig’s values for 
quinque- and septa-valent chlorine (at. number 17) were not used; 
their difference 03, however, is in accord with the corresponding 
difference of Lindh’s values. An analogous case has been found 
with chromium and manganese. 

The differences are represented graphically in Fig. 1 in their depen¬ 
dence on atomic number, each point being marked by a number 
indicating the corresponding valency of the element. 

If we follow first this dependence between atomic numbers 19 
to 25, we see that the differences corresponding to the highest 
valencies increase linearly with atomic number so that the difference 
becomes zero, when we extrapolate back to the atomic number 18 
(a non-valent inert gas). Quite analogously also the differences 
corresponding to the highest valencies of elements between atomic 
numbers 10 to 17 depend linearly on atomic number. 

But also the differences corresponding to lower valencies show 
this linear dependence on atomic number (always in one particular 
section), as far as these valencies increase by one from an element 
to the next higher one. 

As is seen from Fig. 1 the value of the difference for the 
K-absorption level of sulphur (at. number 16) in sulphur dioxide is 
too low. This is very probably due to molecules SO* forming 
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Table 4. 


JC-level: v/R {R = 109.757'1 cm.-' ). 


N 0 1 2 

3 4 5 

6 

7 

H J) 135-4 

2 ) 135-9** 




2 ) 135-9 


15 3 ) 157-7 while _ 2 ) 158-5 



2 ) 157*9 black and violet 

«) 158-2** *> 158*5' 

** 


») 158-3** 

«) 158-4* 


16 

2 ) 181-9 monocl 

2 ) 182-4** 

2 ) 182-7** 


2)181 ' 9 *rhomb 

2 ) 182-1 



«) 181*9* D 

») 1824** 

») 182-7** 

17 

2 ) 207-4 

3 ) 208-2' 

“* -') 208-5** 



8 ) 208-2** ») 208-5** 

19 

2 ) 265-6 2 ) 265-9** 




8 ) 265-8** 



20 

2 ) 297-4 2 ) 297-8* 




12 ) 297-8** 

4 


22 

2 ) 365-8 

2 ) 367-1 



4 ) 3669 

4 ) 367-0 



’-) 366-0 



23 

2 ) 402-7 

2 ) 403-7 



s ) 402-6 

*) 403-4 -*) 403-7 



"■) 402-9 

») 403-7 



*) 402-6 ») 403-2 

*) 403-4 «) 403-4 4 ) 403 8 




9 ) 403-7** 

24 

2 ) 441-0 

2 ) 44 i 9 ** 

2 ) 442-4** 


10 ) 441 '3 

4) 442-2 

4 ) 442-5** 

25 

2 ) 481-6 s) 482-3** 

3 ) 482-7 

2 ) 483-1* 


10 j 481-8 4 ) 482-4* 


4 ) 483-2* 

26 

2 ) 5236 2 ) 524-2* 

2 ) 524-6** 


n ) 523 9 >«) 524-4** 2 ) 524 6 


») 524-6 


1S ) 524-7 
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Table 5. 




N 

1 

2 

3 

4 5 6 

7 

14 




2) 0'5** 






2 ) 0-5 


15 

8) o-4** 


!! ) 0 3* 

.. 8 )0-6 l b , ack 

and violet 




8) 0-5** 

8)0-6p. 1 blaCk 


8) 0-6** 


8) 05* 

'») 0-7** 

3 ) 0"8 | ... 

8) 08** 1 Wh,te 


16 


- - 


“) 0-2 2) 0 . 8 ** 
2) o-5** 






8) 0-5** 2) 0-8** 


17 




2) 0 . 8 »* 

2)M** 

19 

-’) 0-3** 






«--) 02** 





20 


0-4* 

■»-*sjru-4* 

- .. 

- - - 

- 

22 




2)13 






4 jO‘l 






4-10)1-0 


23 


9 ) 0’6 

») 0-8 

9 )0-8 2)i-o* 






8 )0-8 8 )1-1 






2) 1-0 


... . 




«)1-1** 

.») 1-2" 

--— 

24 



2) o*9** 

2) J-4« 


25 


2) Q.y** 


2)1-1 

2)1-5* 

26 


8)06* 

2) 1-0*" 





“) 05* 

2 ) 0-9 



is) 0.7 


is) 0-8 

















220 


aggregates 8 ), for sulphur dioxide was investigated in the gaseous 
state by L i n d h, and the influence of aggregation of molecules was 



observed especially on elements of lower 
atomic number. 

Another discrepancy, namely that in 
the difference for titanium (at number 
22 ) calculated from measurements both 
of Lindh and of Coster points by its 
high value to an error in measurement. 

The differences of energy levels cor¬ 
responding to univalent phosphorus (at. 
number 15), quadrivalent vanadium (at. 
number 23) and septavalent manganese 
(at number 25) also do not conform to 
the general course found. The value 
found points, in these cases, to another 
valency than that which was supposed. 
Thus the difference attributed to univalent 
phosphorus corresponds to a higher va¬ 
lency state, namely the tervalent one. 
On the contrary the values attributed 
to quadrivalent vanadium and to septa¬ 
valent manganese point to lower valen¬ 
cies, namely to ter- and sexa-valency 
respectively. Considering the easy redu- 
cibility of phosphates and permanganates, 
the mode of formation of V 2 O t from 
y 2 0 a as well as from V 2 0 6 M ) and the 
already mentioned reducing and oxid¬ 
izing action of X-rays, 10 ) it is very pro¬ 
bable that a change in valency has taken 
place in the anomalous instances. 

It is thus evident from Fig. 1 that the 
difference between energy levels of the 
free element and its oxygen-linked com¬ 
pounds, where the valency increases by 
one with atomic number, increases linearly 
with atomic number in each one of the 
investigated sections of the periodic table. 
The corresponding straight lines have 


always the same slope in the same section. 


Fig. J. 
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How the differences behave in further sections of the periodic 
system is difficult to say, because the influence of chemical combi¬ 
nation expressed in wave length decreases with increasing atomic 
number and is hardly measurable with higher elements. Its estimation 
is already becoming uncertain in the section following the atomic 
number 29. The present author in experiments on arsenic found the 
following values of the /("-absorption edges: 8 ) 

arsenic pentoxide 1042*3 X. U. 
free arsenic 1042*5 X. U. 

In using a spectrograph with great dispersion and sphalerite 1B ) as 
grating, the precision attained was 0*2 X. U. It is thus apparent 
that the difference between the energy levels of free and quinque- 
valent arsenic lies within the limits of experimental error. (In the 
fine structure of the absorption spectrum of arsenic pentoxide a white 
line was found 4 mms wide, corresponding to 2*5 X. U. The longer 
wave length edge of this white line was taken as the absorption edge). 

An analogous course in energy level differences of free and 
combined elements could be followed also on Lm -levels of the 
elements of the second section of the second long period, taking 
the values measured by Coster and by Lindsay and Chamber- 
lain. It will be necessary, however, to supplement the data as yet 
available. The values of the Lm-levels in v/R are given in Table 
6 and the corresponding differences A{vjR) in Table 7. The course 
of their dependence on atomic number is represented in Fig. 2. 


Table 6. 
Lin-level: (v/R) 


0 1 

2 3 4 

5 6 7 

50 1S ) 289*4 

i) 290*2 


51 B ) 304*7 

i) 305*3 

i) 305*4* 

52 *)3201 

i) 320*6* 

i) 320*8* 

B ) 320*2 

53 i)336 0 


i) 336*6* i) 336*8* 

*) 335*8 
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Table 7. 


A 


(iMil 


bound 



4 5 6 7 


52 4 ) 0-5* 4 ) o r 

53 4 ) 0 6* 4 ) 0-8* 


For antimony (at. number 51) Coster does not give the value 
corresponding to the free state. However, the difference between 
Coster’s values for ter- and quinquevalent antimony agrees well 
with the corresponding difference found by extrapolation based on 
the course of the graph in Fig. 2. Besides this the extrapolated dif¬ 



ference between the values for quinquevalent and free antimony, 
subtracted from Coster’s 4 ) value for quinquevalent antimony gives 
for free antimony a value which agrees within the limits of exper¬ 
imental error with the value of Lindsay and Chamberlain 5 ) 
for this element in the free state. 



It is thus evident that the experimental data which we have for 
the ini-levels of a few elements in different valency states in this 
section of the periodic system do not disprove the validity of the 
law of linear dependence of the influence of chemical combination 
as stated above. 
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This regularity however, may be formulated also in another way. 
We can follow the course of the differences between energy levels 
of elements bound to oxygen and free as a function of valency, in 
the same section of the periodic system. (Fig. 3, 4 and 5.) 


J.H 



Fig- 4. 

It is seen that the differences of values for elements belonging 
to the same section and referring to the same valency are equal 
within the limit of experimental error (see also Figs. 1 and 2), and 
further that the differences for elements of the same section show 
a linear dependence on valency, as indicated by the full straight lines. 



of* ? I 3 5 5 * 7 6,0 


Fig- 5. 

The experimental values of the differences show deviations from 
the theoretical values given by the lines, but these deviations show 
no systematic trend. They are lying within the limits of accuracy, and 
when they transgress these limits, this can be due to the influence 
of atoms combined indirectly with the element in question, to that 
of polymorphic modification, water of crystallization, in general to 
the influence of the molecular architecture of the compound of the 
investigated element, which superposes itself on the influence of the 
directly bound atom. 

We may thus deduce the following conclusion from the consider¬ 
ation of the influence of chemical combination on the character of 
X-ray spectra, based on experimental data concerning the X-energy 
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levels of the elements with atomic numbers 10 to 28 and the 
Zm-energy levels of the elements with atomic numbers 47 to 53: 

7 he influence of chemical combination (with oxygen) on the K- 
and Lm-energy levels of elements of one section (period or half-period) 
of the periodic system is independent of the atomic number. It de¬ 
pends only on valency, inasmuch as the differences between the energy 
levels of the elements combined (with oxygen) and in the free state 
increase linearly with the (positive) valency. 

Received Nov. 12th, 1931. Institute of spectroscopy of the 

Charles' University, 
Prague. 
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SUR L’ACIDE 6-C£T0-a-RHAMN0HEX0NIQUE*) 

par E. VOTOCEK et S. MALACHTA. 

Parmi les d£riv£s des sucres simples ce sont les acides carbonyles, 
c’est4-dire ceux qui renferment k la fois la fonction aldehyde ou cetone 
et la fonction carboxyle, qui presented peut-etre le plus d’interet. 

Les acides-aldehydes sont connus depuis bien des ann£es. C’est 
en premier lieu I’acide rf-glucuronique, interessant au point de vue 
physiologique, puis I’acide n'-galacturonique, qui entre dans la com¬ 
position de diverses pectines veg&ales, I’acide </-mannuronique recem- 
ment ddcouvert lors de l’hydrolyse de Facide alginique, l’acide galactose- 
glucuronique deceit parmi les produits de Fhydrolyse partielle de la 
gomme arabique, I’acide glucose-glucuronique forme dans l’hydrolyse 
du polyose du bacille de Friedlander type A. A ces acides-aldehydes 
d’origine naturelle viennent se ranger quelques acides artificiels tels 
que les acides lyxuronique, mannohepturonique, glucohepturonique. 

Dans las^rie des acides-cetones celui qu’on connait le plus longtemps 
c’est I’acide 5-cetogluconique de Boutroux, Bertrand et Kiliani, 
auquel vint s’ajouter dans les dernieres annees I’acide 2-cetogluconique 
d’Ohle et Berend. 

Comme acide-cetone derive des methylpentoses on ne connaissait 
jusqu’ik present que l’acide 5-c£torhamnonique de Kiliani et de 
VotoCek et Benes que le premier savant avait obtenu par action 
d’acide azotique tres concentre et froid sur le rhamnose ou la lactone 
rhamnonique, tandis que VotoCek et Bene§ le prSparent avec un 
excellent rendement en faisant agir k froid 1 molecule d’acide azoteux 
sur 1 mol. de lactone rhamnonique en presence de peu d’eau. 

On conqoit aislment que les acides carbonyls doivent former un 
objet d’etude tres tentant si 1’on se rappeile I’eminente r£activite de leur 
fonction carbonyle qui permettra sans doute d’appliquer it ces acides 
beaucoup de reactions synthdtiques r6alis6es dejii dans des series autres 
que cede des sucres. Ce sont surtout les syntheses au moyen du r£actif 
de Qrignard qui nous viennent it I’esprit et qui permettront probable- 

*) Mlmoire prdsente & la Ceski Akademie ved a umeni (Academie tcheque 
des Sciences et des Arts) le 6 mai 1932. 


3 
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ment de preparer divers sucres homologues & chalne ram if iee, tres 
rares dans la nature, des d£riv£s sucres k radicaux aromatiques, etc. 

Ltetude approfondie de I’acide 5-cetorhamnonique nous occupa 
pendant les quelques dernieres ann^es. Parmi les r^sultats obtenus 
signalons notamment I’interessant passage de l’acide 5-cetorhamnonique 
It la s6rie furanique, et qui a lieu sous Taction de I’alcool ntethylique 
et de I’acide chlorhydrique anhydres. Les modeles st6r6ochimiques 
illustrent sans peine comment la configuration mannosique du rhamnose 
(mannontethylose) peut favoriser la cyclisation. II nous a paru fort 
interessant de voir comment se comporteraient, dans des conditions 
analogues, ceux parmi les homologues de l’acide 5 cetorhamnonique 
dans lesquels le type mannose serait conserve. II s’agissait, en effet, 
d’etablir si, au cas d’une cyclisation, la chaine se fermerait avec 
formation d’un noyau furanique, ce qui conduirait, par exemple, au corps 


Cll A 0 . C - CH 

II II 

C7/.j. ( ' a. CH{OH). (HU. 7f s 

""O'' 


presentant l'incr^ment CII{OH) dans la chaine laterale de l’heterocycle, 
ou si la cloture de la chaine se ferait dans le sens d’un derive 
oxy-j'-pyranique, par exemple 


110 


.67/(0//) 

C^^CII 


CH U . C 


II 

6 ’. 


' 0 - 


COJ'IL 


Pour resoudre cette question, le plus accessible parmi les homo¬ 
logues de 1’acide 5-cetorhamnonique nous a paru efre I’acide 6-ceto- 
rhamnohexonique inconnu jusqu’a present. Afin de le preparer, nous 
avons essaye d'appliquer a la lactone a-rhamnohexonique le proced^ 
d’oxydation de I’un de nous, c’est-S-dire la reaction avec 1 mol. d’acide 
azoteux. L’experience a eu le resultat voulu, car en effet nous avons 
pu oxyder la lactone rhamnohexonique en un acide C^H^O-, presentant 
tous les caracteres de I’acide 6-cetorhamnohexonique attendu. 

A la difference de son homologue inferieur (I’acide 5-cetorhamno¬ 
nique), I’acide 6-cetorhamnohexonique se separe dans ses solutions non 
pas a retat de lactone mais sous forme libre, ainsi que le montrent non 
seulement Panalyse eiementaire, mais encore le titrage. II tourne & droite, 
son pouvoir rotatoire depend sensiblement de la temperature de la 
solution aqueuse. L’acide ne subit aucune perte d’eau lors du chauffage 
a 100° pas trop prolonge, il ne se lactonise pas non plus sensiblement 
lors de ^evaporation de ses solutions aqueuses. II presente des pro- 
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priet£s r£ductrices vis-k-vis de la liqueur cupropotassique. Parmi ses 
sels nous n’avons pr 6 par 6 jusqu’ici que le barytique k T£tat cristallise. 

La nature carbonylee de I’acide decoule de la formation d’une oxime, 
d’une phgnylhydrazone et d’une |)-bromophenylhydrazone. La phenyl- 
hydrazone peut etre convertieen son sel de baryum.cequi montre qu’il ne 
s’agit pas id d’une phenylhydrazide mais d’une vraie hydrazone form 6 e par 
Taction de la ph£nylhydrazine sur la fonction carbonyle de Tacide initial. 

Pour dablir la position du groupe carbonyle, en d’autres termes 
1’endroit sur lequel a port£ Toxydation par Tacide azoteux, nous avons 
effectu£ avec notre acide la reaction de Lieben qualitativement et 
quantitativement: il se forma abondamment de Tiodoforme, et cela dejk 
A froid. Ce resultat montre que la fonction carbonyle se trouve au 
voisinage du mdthyle, ainsi qu’il correspond au groupement ClL t .CO. 

Pour verifier cette constitution et determiner en m 6 me temps la 
configuration st£reochimique de notre acide-cetone, nous 1 ’avons oxyde 
au moyen de Tacide azotique de densite 115 tel qu’on Temploie 
dans le dosage du galactose ou des groupes galactosiques des sucres 
hydrolysables. Si Toxydation par Tacide azoteux portait uniquement 
sur la fonction alcool secondaire contigue du methyle, on devait 
s’attendre a voir apparaitre Tacide mucique dans la scission oxydante 
de Tacide 6 -ceto-«-rhamnohexonique, tandis que dans tout autre cas la 
formation de cet acide en C K serait impossible, car si sa place on 
obtiendrait uniquement des produits d’oxydation k nombre d’atomes 
de carbone infSrieur (6’ n , C 4 , C, t , En halite, c’est le premier cas qui 
s'est produit: nous avons en effet obtenu dans cette oxydation nitrique 
Tacide mucique que nous avons identify par son peu de solubilite 
dans Teau, son point de fusion et sa transformation en pyrrol d’une 
part et en phenylhydrazide double d’autre part. 

II decoule de tout cela que Tacide c 6 torhamnohexonique possede 
la structure et configuration suivante 

COM 

I 

HO—C—H 

I 

H — C—OH 

I 

H—C—OH 

I 

HO—C—H 

I 

CO 

I 

CH S 


3 * 



228 


Comme dans le cas de l’acide rhamnonique, 1’acide azoteux attaque 
done la fonction alcool voisine du groupe methyle. Lors de I’oxydation 
plus energique, c’est-S-dire par i’acide azotique, le methyle de I'acide 
6 -ceto-a-rhamnohexonique se detache, et il rdsulte I’acide mucique. 
On peut en conclure que dans l’oxydation de I’acide a-rhamnohexo- 
nique la reaction s’accomplit en passant par I’acide 6-ceto-a-rhamno- 
hexonique, en d’autres mots, que cet acide constitue le produit inter¬ 
mediate de I’oxydation nitrique, bien qu’il ne se laisse saisir qu’en 
prenant des precautions speciaies: 


C0 2 1I 

HO—C—H 

I 

11—c—on 
I 

H—a—on 
I 

110—C—H 

I 

HO—C—1I 

I 

CH S 


acide 

«-rhamnohexonique 


COM 

i 

HO—C—H 

I 

II—C—Oil 

I 

ii— a—on 
I 

HO—C—H 

I 

CO 

I 

on a 

acide 

6-ceto-«-rhamnohexonique 


CO,H 
110—C—II 

I 

11 — C—OH 

I 

H—C—01I 

I 

HO—C—H 

I 

COJl 

acide 

mucique 


Partie exp£rimentale. 

Acide 6-c6to-«-rhamnohexonique C-JH^O-,. 

Dans une fiole conique bouch£e k l’6meri 20 cc d’eau on introduisait 
un courant d’anhydride azoteux, en refroidissant a 0°, jusqu’a ce 
que le poids eut augments de 8 gr. La solution obtenue a ete addi- 
tionn£e de 20 gr de lactone a-rhamnohexonique (p. de f. 168°) fine- 
ment pulverisee, et le melange a ete abandonne jusqu’au jour suivant 
a une temperature ne depassant pas 5°. 

Dans une autre preparation, 22 5 gr de lactone a-rhamnohexonique 
ont ete traites par 9 gr de N 2 0t, dans 20 cc d’eau. 

Le lendemain, les deux liquides reactionnels reunis ont ete 
epuises 6 fois k l’ether, et*la couche aqueuse a ete abandonnee au 
dessiccateur dans le vide sulfurique. Elle separait successivement un 
produit cristallise dont ie poids total 6tait de 30 gr, puis, apres 
broyage dans I’alcool k 96% et lavage par le meme solvant, de 
2Tb gr. Ainsi purifie, le produit fondait entre 153 et 154°. Les eaux 
meres ont donne, apres epuisement reitere k l’ether et evaporation 



229 


lente au dessiccateur, autres 5 8gr de produit brut mais cristallisE. 
Des derniEres eaux meres il nous a etE impossible d’extraire aucune 
nouvelle portion de corps cristallise. 

Le produit se laisse recristalliser dans l’alcool a 96%, le mieux 
par Evaporation lente de ses solutions saturees. Le point de fusion 
ne s’Eleve plus par cette operation, mais se maintient a 153—154° 
comme pour le produit purifie seulement par essorage. 

Le corps est bien soluble dans I’eau, moins dans l’alcool a 96°/ 0 
meme chaud; dans les alcools dilues, par exemple H 80%, il est 
mieux soluble. Dans aucun de ces solvants il ne se sEpare par simple 
refroidissement de la solution salurEe & chaud. 

Analyse ElEmentaire: 

Substance: I. O'1862 gr; C0 2 0 - 2765 gr; HJJ 0-0984 gr. 

II. O’1690 gr; CO, 0 2500 gr; li 2 0 0’0846 gr. 

(acide libre): CalculE C 40-37%, H 5 81%, 0 53-82%. 

%7/ 10 0« (lactone): Calcule C 44‘19%, H 5*30%, 0 50-51%. 

Trouve I. C 40'50%, H 5 93%, 0 53-57%. 

II. (' 40-34%, li 5 60%, 0 54-06%. 

Dosage du groupe carboxyle par titrage: 

0-5404 gr de substance dissous dans de l’eau glacee ont Ete titres 
par KOII jNI 10 (/ = 1-0149) en presence de phenolphtaleine. 

(\U n 0 fl . COJI: Consommation calculee 25 6 cc de KOH. 

Consommation trouvEe 25-9 cc de KOII. 

Pouvoir rotatoire. — Ainsi qu’il a ete signalE plus haut, la valeur 
de la rotation specifique de notre acide est fonction de la temperature. 
En employant un saccharimetre Fric dont nous contrdlions les indi¬ 
cations par un polarimetre circulaire, nous avons trouvE pour une 
solution aqueuse a 6% et des tempEratures croissantes les rotations 
specifiques suivantes: 


Temperature 

[«]/; 

Temperature 

My 

13° (6 minutes apres dissolution) 

+ 6-23° 

33° 

4- 4-30° 

13° (apres 1 heure) 

+ 6-22° 

33-2° 

-i- 4-25° 

13° (apres 2 heures) 

+ 6-23° 

38-2° 

+ 3*72° 

21 -2° 

4- 5-42° 

43° 

4-3-19° 

23° 

4- 5-24° 

48° 

4- 2-75° 

29° 

4- 4-75° 

52° 

4- 2-32° 

29-4° 

4- 4-68° 

57-1° 

4- 1-85° 


En portant ces chiffres dans un systEme de coordonnEes on trouve que 
le pouvoir rotatoire de I’acide est en fonction linEaire de la tempErature. 
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6 -Ceto-a-rhamnohexonate de baryum. 

Lorsque a une solution concentree d’acide cetorhamnohexonique 
on ajoute l’eau de baryte saturge a la temperature ordinaire, on 
n’obtient aucun precipitd de sel barytique. La precipitation a lieu 
seulement apres addition d’alcool et le sel obtenu est amorphe. 

Pour preparer le sel de baryum & I’etat cristallise voici comment 
on procede: La solution aqueuse de I’acide est neutralisee & la tem¬ 
perature du laboratoire par de I’eau de baryte limpide (indicateur 
phenolphtaieine), puis filtree et concentree au bain-marie. Au cours 
de (’evaporation il se depose le sel de baryum en beaux cristaux 
microscopiques formant des lamelles et des prismes. Le produit est 
essore, seche d’abord au dessiccateur a la temperature ordinaire 
puis dans le vide a 100°. 

Substance: I. 01401 gr; BaSO i 00589 gr. 

11. 0-3240 gr; BaSOi 0 1374 gr. 

<^H n O-Bak' Calcuie Ba 24-90%- 
Trouve I. Ba 24'74% • 

II. Ba 24-95%. 

Le produit constitue done le sel normal de baryum. 

Pouvoir reducteur. — La liqueur cupropotassique est reduite par 
I’acide cetorhamnohexonique dej& a froid, rapidement a chaud. 

Phenylhydrazone de 1’acide 6-ceto-a-rhamnohexonique. 

On ajoute 1 mol. de phenylhydrazine recemment distiliee k 1 mol. 
d’acide ceto en solution aqueuse concentree (0 8 gr de C & H b NH .NH. 2 , 
V5gr d’acide ceto, 10 cc d’eau). En peu d’instants le melange s’echauffe 
spontanement et separe un corps faiblement jaunatre. La masse cris- 
tallisee est essoree, lavee successivement par peu d’eau, de l’alcool et 
de l’ether. 

Le produit obtenu, qui fond entre 117 et 118°, a ete analyse di- 
rectement, parce que sa cristallisation dans 1’eau ou dans 1’alcool ne 
donne pas de bons resultats. . 

Dosage d’azote: 

Substance: 0-2210 gr; N« 18*8 cc (750 mm, 21°). 

(\ b H 18 0 6 N 2 : Calcuie N 9’40%. 

Trouve N 9-50%. 

La question de savoir si on est en presence d’une phenylhydrazone 
ou d’une phenylhydrazide cetorhamnohexonique a ete tranchee par 
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transformation du produit en sel de baryum: 0‘8 gr de derive phenyl- 
hydrazinique ont ete dissous dans le minimum d'alcool dilue. La 
solution filtr£e sur de la carboraffine a ete neutralisee a la temperature 
ordinaire par de I’eau de baryte (indicateur phenolphtaleine). Des 
les premieres additions de Ba(OH)« il se s£parait un precipite micro- 
cristallin. Le produit a ete essore, lave k I’alcool et k I’eau, puis seche 
d’abord sur une assiette poreuse et, ensuite, dans le vide d’un des- 
siccateur jusqu’il poids constant. 

Analyse: 

Substance: 1. 0i554£r; BuSO t 0-0496 gr. 

II. 0-1686 gr-, BaS0 4 0 0538 gr. 

III. 02110 % 14 2 cc (743 mm, 21°). 

C Vi H Vl O f ,N«Bal«: Calcule Ba 18-78°/ 0 , N 7-66%. 

Trouve I. Ba 18-78"/ 0 . 

II. Ba 18-78%. 

III. N 7-44%. 

^-Bromophenylhydrazone de l’acide 6-ceto-«-rhamno- 

hexonique. 

1-5 gr d’acide ceto dissous dans le minimum d’eau sont additionnes 
d’une solution chaude et filtree d’acetate de ^-bromophenylhydrazine. 
II se forme rapidement un produit cristallise qu’on essore, lave k I’eau, 
par un peu d’alcool k 40% et, enfin, par de 1’ether. Rendement 2 gr. 
On purifie Fhydrazone par cristallisation dans I’alcool a 50% chaud, 
ou il se dissout aisement. Point de fusion: 130—131°. 

Dosage d’azote: 

Substance: I. 02184 gr; % 14-2 cc (745 mm, 20°). 

II. 0-2122 % 14 6 cc (733 mm, 18°). 

: Calcuie N 7-43% • 

Trouve I. N 7-25%. 

II. N 7-62%. 

Oxime de 1’acide 6-cetorhamnohexonique. 

Ce derive prend il est vrai naissance, mais jusqu’ici nous n’avons 
pu 1’obtenir k Petat pur, parce qu’il se forme simultanement un sel 
de Pacide avec 2 mol. d’hydroxylamine dont la separation est penible. 
Nous reviendrons sur Poxime lorsque nous aurons prepare une 
quantite suffisante de matiere premiere. 
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Formation d’iodoforme k partir de l'acide 
6 -ceto-a-rhamnohexonique. 

A 2 gr d’acide c£to dissous dans quelques cc d’eau on ajoute 
k la temperature ordinaire tour a tour de I’iode dans KT et de la 
potasse caustique. Addition totale: 12*1 gr d’iode, 6 - 5 gr de K01I. 
Des les premieres portions d’iode on voit se s£parer I’iodoforme en 
cristaux microscopiques dont le poids total est de 0 - 518 gr. 

Transformation de l’acide 6-ceto-rhamnohexonique 
en acide mucique. 

1 gr d’acide ceto et 60 cc d’acide azotique (d — l - 15) furent eva- 
pores, dans un verre a precipiter, au bain-marie, au tiers du volume 
initial. Le lendemain, on trouva un depot de cristaux caracteristiques 
qu’on lava par peu d’eau, secha a 105°. Leur poids etait de 0*466 gr. 

L’identite du produit avec l’acide mucique a ete prouve par le 
point de fusion (212—213°), la transformation en phenylbydrazide 
double et en pyrrol. 

Phinylhydrazide double: 0‘25 gr de produit, 025 gr de phenyl- 
hydrazine 0*4 gr d’acetate de sodium et peu d’eau ont ete chauffes 
pendant 1 heure dans un bain-marie bouillant. Les cristaux obtenus 
ont ete laves a Palcool et 4 l’ether. 

Le point de fusion a ete trouve entre 241—242° (apres immersion 
du tube capilJaire dans un bain prealablement chauffe), ce qui Con¬ 
corde avec les indications de la litterature pour la phenylhydrazide 
double de l’acide mucique. 

Transformation en pyrrol. — L’acide a ete converti en sel ammo- 
nique (au moyen de carbonate d’ammonium), puis evapore k siccite. 
Le residu sec donnait dejA par faible calcination avec ia plus grande 
facilite des vapeurs colorant en rouge violet un copeau de bois de 
pin humecte d’acide chlorhydrique concentre. 


Institut de Chimie organique 
de VEcole Polytechnique tcheque a Prague 
(TMcoslo vaquie). 



NEW BOOKS. 


F. Rehounek and J. Heyrovsky: Ovod do radioaktivity. (Introduction 
to radioactivity.) — Pp. 116, 58 fig., 7 plates and 5 tables. — Published by the 
Jednota Cs. matematiku a fysiku, Series “Kruh”, Vol. 9, Praha, 1931. — Kc 24. 

This is the first book on radioactivity in all its different aspects written by 
Czech authors, though radium was discovered in uranium ores of Bohemian origin, 
which still supply the world with radium preparations containing the least quantity 
of the isotopic members of the thorium family. 

The aim of the authors was to give into the hands of the uninitiated stu¬ 
dent and of the general reader interested in science a guide which would enable 
him to study with profit the more advanced text-books, but parts of the book 
are meant also as a short manual to be used by students attending the laboratory 
exercises conducted by the writers in the Charles’ university. 

It is very apt that the authors have dedicated their little volume to the me¬ 
mory of their distinguished teacher, the late Professor B. Kucera, who was the 
first Czech worker in the field of radioactivity, and a very active promoter and 
organizer of the Czechoslovak State Radiological Institute at Prague. The book 
is adorned with his full page portrait, and also with those of H. Becquerel, M. 
Sklodowska-Curie, P. Curie, Lord Rutherford, F. Soddy and Sir William Ramsay. 

The book is divided into following sections: 1. Discovery of radioactivity. 
2. Radioactive transformation. 3. Structure of atoms and atomic numbers. 4. Trans¬ 
mutability of elements. 5. Isotopy. 6. Making of radioactive preparations. 7. Use 
of radioactive substances. 8. Physical and chemical effects of radioactive radia¬ 
tions. 9. Their physiological effects. 10. Radioactivity and geophysics. 11. Cosmic 
radioactivity. 12. The state radium mines. 13. Methods of measurement. A list of 27 text¬ 
books and monographs bearing on radioactivity is appended. The presentation of the 
matter is very vivid and clear. Stress is laid on the experimental side of the subject, 
directions being given how to perform the experiments described with quite simple 
means. In comparison with other books of this kind the chapters 7, 9 and 12 are 
a unique feature of this volume, which is richly illustrated with diagrams and 
photographs throughout; in this respect the reviewer calls special attention to 
the beautiful photographs demonstrating the influence of radioactive radiation on 
the growth of plants and the germinating of seeds, and to the cardiogram showing 
the restoration, by radon, of the automatic activity of a frog's heart which had 
previously been paralyzed owing to lack of potassium. 

The reviewer wishes, however, to correct a few statements. E. g., though 
he is aware, that no one knows exactly how we have to imagine the actual 
electronic structure of the higher atoms, the figure 18 representing the structure 
of uranium, as well as the distribution of electrons in the successive levels given 
on p. 36, does not correspond to the present state of our knowledge, even if 
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the picture is expressly stated as hypothetical. In the chapter on cosmic radio¬ 
activity Vegard’s theory of the auroral green line 5577*35 A is mentioned without 
paying due attention to the work of J. C. McLennan, by which this theory 
was actually overthrown, the line having been obtained in the laboratory with 
pure oxygen under reduced pressure. 

The authors cling still to the originally proposed Czech expression for the 
half-value period (“polocas” = half-time) which is logically unsound, though they 
use a more appropriate expression for the thickness of the absorbing layer which 
reduces the original intensity of radiation to half its value (halving thickness), 
and has therefore logically a similar significance to the half-value period. 

These critical remarks, as well as several misprints which could easily have 
been avoided by more careful proof-reading, do not really diminish the obvious 
merits of this small book, which is well balanced, and can be warmly recom¬ 
mended as a source of information and guide to those for whom it was intended 

A. Simek . 


Giovanni Semerano: II Polarografo, sua teoria e applicazioni. (The 
Polarograph, its theory and applications.) Padova, Libreria Editrice A. Draghi di 
G. Randi Fu C. B. 1932-X. 8”, pp. IV +207 with 31 figs. Lire 16. 

To the readers of “Collection” the numerous “Researches with the dropping 
mercury kathode” will be known, as regards their manifold applications in theore¬ 
tical and practical electrochemistry. In these researches the capillary electrode is 
applied, which was originally used by Professor B. Kucera for electrocapillary 
measurements analogous to the Lippmann electrometer method. Professor 
J. Heyrovsky was first to measure the current passing through the dropping 
mercury kathode, and showed that this current furnishes excellent means for 
qualitative as well as quantitative analysis. To automatize this sort of analysis, 
Professor J. Heyrovsky in collaboration with Professor M. Shi kata of the 
Kyoto University has invented a machine “Polarograph”, which registers photo¬ 
graphically the current-voltage curves from the shape of which analytical deductions 
are drawn. Hence the name “polatographic analysis”. 

As the communications dealing successfully with this method are rapidly 
growing — having reached at the beginning of the year 1932 over 100 publications —* 
Dr. G. Semerano, himself a skilful polarographist at the University of Padova, 
compiled the work already done into the above titled monograph. Compared with 
the shorter booklet published on the same topic in 1928 by Professor S. Prat 
(Abderhalden Handbuch), the 207 pages show the rapid growth of polarographic 
investigations, which, as the author emphasizes in the preface, extend from ana¬ 
lytical and pure chemistry to physiology and biology, medicine, pharmaceutics, 
physics and to industrial problems in the chemistry of sugars, fermentation products, 
petroleum industry, colours etc. 

All these applications as well as the underlying electrochemical and physical 
principles are well explained in the book, which is, however, far from being 
a mere compilation. Thus the author proceeds further in the mathematical analysis 
of current-voltage, i. e. “polarographic” curves, giving in chap. HI. an original 
deduction and calculation of the curvature and taking new aspects to the relation¬ 
ship of the intensity and resistance. 
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The monograph is adorned with many distinctly drawn diagrams and well 
reproduced polarograms, besides a good photograph of the latest type of “Polaro- 
graph” as manufactured by its Prague makers Dr. V. and J. Nejedly. 

The book is concluded with a complete “Bibliografia Polarografica " and 
gives throughout its reading full information and advice so as to instruct a beginner 
in the technique of polarography. It may be warmly recommended to all interested 
in electrochemistry or in the evolution of physical methods of chemical analysis. 

Dr. tr. Schacherl, 
Rome. 


B. N. Mensutkin: Xhmhu. (Chemistry.) State editorship — Moscow —■ 
Leningrad. Part. I. (1931) pp. 304, price 2 rubl; Part H. (1932) pp. 136, price 
1 rubl. 

This extraordinary and outstanding textbook Professor B. N. Mensutkin's t 
who is the not less renowned son of the famous russian chemist N. A. Men s utkin, 
is a typical product of Soviet Russia's modern industrialization tendencies connected 
with the educational scheme for broadest classes. The “five years programme" 
wants masses of technical chemists, who have to gain quick training in “work¬ 
men's faculties", so called “rabfaky", and by joining institutions for “teaching at 
a distance". The textbook is put forward by the “Institute of Metallurgy", which 
fosters such teaching at a distance, and is intended for “future metallurgical engineers 
and other workers in various branches of applied chemistry". In the preface the 
author hints the probable future enormous increase of the Soviets' chemical 
industry, especially in common salt utilization, in the preparation of light metals of 
modern metallurgy like beryllium, magnesium and aluminium, and emphasizes the 
great need of nitrogen fixation and preparation of fertilizers. The author's great 
task to teach a beginner possessing a comparatively low general education is no 
doubt a hard one. Yet Professor Mensutkin is able to master the appropriate 
method of teaching by dividing the matter into “themes" and subdividing these 
into (5 to 7) “lessons"; moreover the reader is forced to a constant repetition 
of the knowledge already dealt with by the insertion of chapters on “control- 
work" in which questions, problems and summaries are given. Thus the first 
“theme" is entitled “the fundamental ideas and laws of chemistry", the second 
“oxygen, hydrogen and their compounds", the third “aqueous solutions and their 
properties", the fourth and fifth of part I. comprizes the “more important 
nonmetals”, whilst the part II. contains three “themes" concerning “light" and 
“heavy metals". The text-book bears throughout the sign of the author's sound 
pedagogical and psychological sense, which reflects itself — apart from the 
division — in a very suggestive way by emphasizing the greater or minor 
importance of laws and rules through the thickness of block-letters and 
occasional framing of sentences by thick lines. Also the illustrative diagrams 
and figures are well chosen and drawn, yet it is to be regretted that the poor 
paper and consequent bad print spoils so much of their neatness. Still the price 
of the book of 440 pages (~ 3 rubl = ca. $ 1*5) is, notwithstanding its bad 
external quality, not expensive at all. Somewhat striking is the use of several 
colloquial and common expressions, abbreviations and new terms unusual in the 
vocabulary of prewar scientific chemistry, which explains itself by the standard 
of public for whom the lines are intended. 
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Examples of this are “ocnik” (omhhk) and “zaocnik” (3aOMHHK) for the present 
and distant pupil, or “utocnSnie” (yTOHHeme) which may express ‘exactness* and 
neologisms of the type “osoaviachim” (ocoaBiaxn/v\) abbreviated from “obscestvo 
sodeistvia aviacii i chimii” (society for the promotion of aeronautics and chemistry). 

In reading the book and following closely the schematic and mnemotechnical 
way in which an imposing deal of faultlessly described knowledge is presented, 
we feel convinced that the difficult problem how to teach chemistry a distant 
pupil is solved as completely as it ever possibly could. B. Gostnan . 


A. Hamsik and O. Wagner: L^kafskd chemie. Ucebnice pro mediky a prt- 
rucka pro prakticke lekare. Cast IV. Biochemie. (Medical Chemistry. A textbook 
for students of medicine and a manual for physicians. Part IV. Biochemistry.) Edited 
by the authors, printed by Dr. E. Gregr and Son, Prague 1932. Pp. 428. K£ 90*—. 

To write a good textbook of chemistry for a relatively little group of interested 
readers within a small nation as ours is not an easy task. There are not enough 
purchasers for a detailed, up to date textbook the production of which is very 
expensive, and, on the other hand, a quite concise manual cannot consider ad¬ 
equately all advances of science and becomes only an aid to pass examinations 
whereafter it is laid aside. We are ever in need of inexpensive compendia of medium 
size which would serve not only as textbooks for students, but also as manuals 
consulted even after the examination to gather information from them on actual 
questions which may interest the reader. Of course, such books must be written 
very carefully, the matter being selected cautiously, in order to spare place and 
not to lose clearness. Notwithstanding this the last advances of science must be 
duly respected. 

The textbook of biochemistry under review is a standard type in this respect. 
The authors compiled in it all the rich material of this section of chemistry im¬ 
portant to medical students as well as to physicians in a concise form indeed, but 
fully and clearly at the same time so that the study even of complicated questions 
is facilitated considerably. Everywhere also the most modern problems are men¬ 
tioned and even unsettled questions and such are very many still in biochemistry 
are commented upon, the reader being incited to follow the advance of the science. 
The original literature is not quoted fully, but the more important authors are 
always mentioned, also the Czech workers being respected who are often over¬ 
looked abroad. It is to be praised, however, that this is done very critically and 
without any exaggeration which would be unjust to foreign authors. 

The book presupposes, of course, a good knowledge of elementary inorganic, 
organic and physical chemistry, as well as laboratory experience in analytical 
chemistry and organic synthesis. It treats first quite shortly inorganic elements 
and compounds composing the animah organism devoting more room to organic 
compounds. The system used is based on the biochemical relationship of the 
compounds differing rather essentially from the usual classification. A more detailed 
treatment is given to fats, lipoids, carbohydrates, hydro-aromatic compounds, amino 
acids, proteins, animal colouring-matters and enzymes. 

In the second part the composition of cells, tissues, organs and body fluids 
is explained whilst the third part is devoted to so called dynamical biochemistry 
dealing especially with the metabolism, the chemical processes accompanying 
breathing, muscular and nerve activities, etc. 
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In the chapter on fats a table of constants characterizing these substances 
is included. In that on sugars the configuration and genetic connection of mono¬ 
saccharides is given in a tabular summary due to Karrer and attention is paid 
to modem theories on the cyclic nature of sugars (Haworth). It would have 
been profitable, for the sake of clearness, when at least some of the formulae 
of this author would have been given, in order that the reader might more easily 
understand how to convert the older formulas into the new ones. Modern 
theories of the structure of complex polysaccharides are also given. A due con¬ 
sideration is paid to sterols because of their important relation to vitamins. These 
and the enzymes is given full attention and even the last researches of Windaus 
on the crystallized vitamine are rightly appreciated. From the very extensive 

field of the chemistry of ferments actually only the most important parts are 
selected, the modern methods of isolation and the action of activators being 
discussed. Finally the antigenes and antibodies and their properties, the aggluti¬ 
nation and precipitation reactions, etc. and the phagocytosis are explained. 

The second part treats first the composition of the cell. Then follows a bio¬ 
chemically very interesting, concisely and exhaustively written chapter on colloids, 
their preparation, coagulation, protective colloids and agglutination, after which 
the surface phenomena, adsorption, orientation of molecules in interfaces, viscosity, 
osmotic pressure and concentration of hydrogen ions are pasing in review. Then 
the authors describe the composition of blood and the blood forming organs, 
the connective tissues, muscles, nerves and in more detail the organs of internal 
secretion (thyroid gland, hypophysis, sexual glands, adrenal glands, thymus etc.). 
A special chapter is devoted to the skin and the products of its glands (sweat, 
milk etc.). The products of the glands of the digestive and urinary tract, as well as 
the composition of normal and pathological urine are treated not less conscientiously. 

The third part on the biochemical processes in organism contains chapters 
on respiration, biological oxydation and reduction, on metabolism and its dis¬ 
turbances. In this respect first the fats, then the carbohydrates, the digestion of 
proteins, the decomposition of amino acids, the exchange of nucleates, the synthesis 
of purine in organisms, the metabolism of cholesterol of phosphatides, cerebrosides, 
bile acids, blood pigment etc., and finally the mineral metabolism (alkali metals, 
calcium, magnesium, phosphoric acid, iron, etc.) and the water balance are discussed. 

Attention is paid further to chemical processes accompanying the activity of 
muscles and nerves, the starving hunger and the basal metabolism. Special mention 
deserve the last chapters on the normal food of man to which a table of com¬ 
position and energy content of the chief victuals is appended. 

The book is written in a clear and interesting style and will be used with 
profit also by organic chemists concerned with biochemical problems; moreover, 
questions of general interest, as for instance the nutrition of man treated on modern 
lines, will surely attract a much wider circle of readers than is indicated modestly 
in the title. 

Very few statements which are erroneous should be corrected in a future 
edition, e. g. the side chain in the formula of adrenaline in meta- and not in 
ortho-position. The reviewer thinks that the new Czech term for carbohydrates 
(uhlovodany) is no better than the old hybrid form (uhlohydrdty); neither of them 
defines correctly the true chemical character of these substances. Thus the original 
term, which has been generally adopted, should be retained. /. Frejka . 



ERRATA. 


In the article “A physico-chemical study of the rare earth sulphates” 
by B. Brauner and E. Svagr the following misprints are reported: 

p. 65, 11th line from below, instead of 180‘47, 5*13 read 190*47, 6*13; 

p. 67, 4th line from above, instead of t 0J - 12*18, A w — 13*78 read 12*78, 

-hm ~ 13*78; 

p. 67,12th line from above, instead of A m — 30*15, A vi0 — 30*62 read A M = 10*22, 
10*65; 

p. 68, 12th line from above, instead of .-I eo --- 12*06 read 12*86; 

p. 68, 13th line from above, instead of “the same results are obtained” read 

“the same series is obtained”. 

In the arcticle “Influence of chlorine and bromine on the glow 
of phosphorus” by J. Krejcf and F. Schacherl the following mis¬ 
prints are reported: 

p. 110, 19th and 24th line and p. Ill, 2nd line instead of “potassium per¬ 
manganate” read “potassium chromate”; 

p. 110, 12th line to “potassium oxalate” add ,5 ) and 14th line to “(Kahlbaum 
pro analysi)" add *'*). 

In the article “A preliminary note on the influence of sulphur di¬ 
oxide on the glow of phosphorus” by A. Blaha and F. Schacherl 
on p. 69, in Fig. 1 exchanged curve 2. for 3. 






CZECHOSLOVAK STATE MINING AND SMELTING 
ESTABLISHMENTS. 


Central Czechoslovak State Selling Department 
for Mining and Metallurgical Products 

(Statni prodejna banskych a hutnickych vyrobku) 

PRAGUE II., VACLAVSKE NAM. 72. 

Telephone: 36751, 36752. Telegrams: Stapro Praha, 

is able to deliver 

From The State Mines at Pribram: 

lead products, all types of lead tubing and plates ; iron and steel 
wire ropes, both untreated and zincplated; litharge ; lead and silver. 

From The State Management in J&chymov (St. Joa- 
chimsthal): 

radium preparations and uranium colours. Radium sulphate is 
filled into needles or cellules, which are kept in tubes or other 
radiophores; Radium chloride is the suitable source for ema¬ 
nation. The state guarantees for the estimation of samples, 
controlled both in the state factory as well as in the State Radio¬ 
logical Institute, which issues certificates as to the content 
of radium. Full information to be obtained at the M in is ter- 
stvoVefejnych Praci (Ministry of Public Works), Odbor VII. 
(Central Administration of State Mines & Smelting Works). 

From The State Salines in Presov: 

finest crystallized common salt (vacuum salt). 

From The State Mines in Slatinske Doly: 

Table salt, common salt and rock salt for cattle. 

From The Iron and Steel Works in Podbrerova, Slovakia: 
oxygen in cylinders of our own make; other cylinders also filled. 
Tenders invited for any of the above articles. 

All information given by the 

CZECHOSLOVAK DEPOT for MINING and SMELTING 
PRODUCTS, Prague II., Vaclavske nam. 72. 

Lignite from the Czechoslovak State collieries in Most 
(Bribe) and black coal from the Wenceslas mine in Poruba 
delivered by the 

CENTRAL COAL DEPOT OF THE STATE MINES 

(Ostfednf prodejna uhlf ze sUitnfch dolti), PRAGUE II., Lutzowova ul. 8. 
Telephone: 35477, 35478, 21425, Telegrams: SUtouhll-Praha. 





ETABLISSEMENTS SKODA 

SECTION DE ^INDUSTRIE CHIMIQUE. 



Chaudieres de cuisson pour la fabrication des savons 
ordinaires et de toilette. 

Installations pour l’extraction de la glycerine des lessives 

usees. 

Installations pour la saponification des graisses, 
Appareils pour la rectification de la glycerine. 

Installations pour la fabrication des engrais d*os et de la 

colie d’os. 

INSTALLATIONS D’HUILERIES MODERNES: 

a) avec presses a etages ou a filtres, 

b) avec extracteurs a travail continu 

c) avec extracteurs rotatoires de construction speciale, 

Raffinage d’huiles. 

Autoclaves a haute pression brevet Kohler et petits 
autoclaves de laboratoire, 

Appareils pour la distillation des acides gras et pour 
autres usages chimiques. 

Installations completes pour Timpr^gnation du bois, - Instal¬ 
lations des fabriques de tanin, - Installations des tanneries, - 
Installations pour la cristallisation de la soude carbonate, 

Appareils d6sinfecteurs fixes ou mobiles, 

Appareils desinfecteurs pour tramways et voitures de 
chemin de fer. 

Divers appareils en fonte r6sistante aux lessives et aux 
acides, en aluminium, en cuivre, etc, 

DIRECTION GEnERALE ET COMMERCIALE 
A PRAGUE. 
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A PHYSICO-CHEMICAL STUDY OF THE RARE-EARTH- 
SULPHATES. - PART II. - THEORETICAL CONCLUSIONS 

by B. BRAUNER and E. SVAQR. 

Adjoining to the experimental part of this work (see Part I, this 
journal 4 , p. 49 [1932]) we now proceed to theoretical conclusions, 
arrived at from the rows of numbers obtained, in which we find 
some regularities. 

I. Hydrolysis expressed by Conductivities of the 
Sulphate Soluti is. 

Formerly — say twenty years ago — electrolytic conductivity was 
regarded as expressing chiefly the ionic concentration, but since the 
general acceptance of the work of f‘. Debye and E. Hiickel 1 ) the 
conductivity must be regarded as a very complicated function of the 
ionic concentration; in the case of rare earth solutions hydrolysis 
makes the matter still more complicated. 

Besides the conductivity change due to the “normal” dilution 
i- 32 to r 1024, we tried to measure the conductance at higher dilu¬ 
tions, as already Jones and Allen-) determined the conductivity 
of yttrium sulphate at r- 6'49 up to r ---- 13291. 

We find that the following twofold determination of the condu¬ 
ctivity at r - 1024 is important with regard to the question of hydro¬ 
lysis: First the normal conductivity at v 32— v 1024, made regularly 
in 4 hours’ interval (row h, Table I.). After this a new quantity of 
the sulphate, corresponding to ^ — 1024 was weighed out and the 
values found were as a rule smaller than those obtained after four 
hours of diluting the solution from r 32 to 1024 (i. e. five times) as 
given in row e, Table 1. The following table computes all conductivity 
data found in Part 1, in which all numbers are given obtained in the 
determination of the conductance from n ----- 32 to o — 16384 and the 
differences which exist between several of the more important data. 

‘) Pbys. Z. 5. 24, 305 (1923). 

2 ) Jones and Allen, Alieggs Hatidb. III. 1. p. 330. 



Sc Hvdrol. 


240 




b 


CL) 

3 

H 


t 








e 

w 

^ 5; O 

3 

"C 

W 



OS 

| 

i i 

! 1 i 









"» “C «C 





00 

CO 






b 

b 

O' 

b 






O 


CM 

CO 





t t t t 


l— 

co 

O 

o 

r~ 


s 





rf 

GO 




m 

r- 

p 

r— 


in 

»—i 

T—« 

in 

p 

p 

CO 

O' 

CM 

in 

p 

•^t 

b 

|L. 

in 

b 

00 

in 

8 

8 

b 

b 

b 

in 

3 

b 

in 

b 

b 

CO 

O' 

in 

vO 

t- 

O' 


CM 

co 

in 

'St 

-t 

O' 









t-H 

r- 

*"* 

*"* 







oo 

in 

00 

CM 

GO 







co 






CM 

Tf 

O’ 

go 

m 

o 

1 

go 

00 

t— 


p 


-St 

i 

p 

i 

b 

O' 

co 

co 

b 

CM 

1 

A* 

in 

CO 

88 

b 

1 

8 

1 

Ah 

1 

co 

rt 

m 

vO 

r— 

O' 


O 

CM 

'St 

in 



in 









r ~' 

T “* 

r—1 

T—1 





r “ < 


rr 

3 

CM 

or 

3 

CO 

p 

r— 

r- 

1 

r— 

-st 

p 

O 

co 

p 

1 

CM 

i 

O' 

i 

UO 

Ah 

b 

b 

Ah 

b 

I 

CM 

b 

b 

b 

Ah 

1 

i£ 

1 

b 

I 

CO 

Tt 

in 

in 

I'— 

GO 


o 


co 

r— 

m 



co 










*-< 

r-H 

T-H 





T-H 


o 

•st 

o 

in 

00 

s 

in 

m 





CO 




, 

rr 

CO 

p 

co 

cm 

co 

p 

p 

p 

O 

p 

T-H 

t-h 

p 

CO 


b 

co 

CO 

Ah 

b 

b 

b 

00 

Ah 

Ah 

b 

Ah 

CO 

Ah 

Ah 

8 

b 

CO 

•5f 

in 

sO 

1- 

00 

C/J 

O' 

t —t 

CM 

CM 

in 

rr 

•ft 

in 










' 

T ~* 








m 

-st 

-t 

CM 

■n 

o 

O 

in 




uo 

in 




o 

O' 

go 

in 

O 

o 


co 

co 

CM 

CM 

o 

—• 

CO 

O' 

r- 

T-H 

P 

b 


b 

oo 

b 

in 

b 

00 

CM 

CM 

b 

Ah 

b 

3 

b 

b 

Ah 

CO 

-st 

^r 

in 

c- 

00 

00 

O' 


CM 

co 

in 

-st 

-T 

O' 












r “’ 







nO 

, 

o 

vO 

o 


r- 

co 




lO 

T-H 




-t 

-st 

*—< 

CM 

CO 

NO 

9° 

co 

in 

CO 

O 

GO 

p 

O' 

o 

-st 

CO 

-St 

b 

Ah 

b 

3 

cm 

b 

s 

00 

CM 

b 

O 

b 

b 

b 

b 

8 

b 

CO 

-St 

m 

t— 

co 

O' 


CM 

CO 

in 


-St 

-t 



















$ 

GO 

co 

m 

nO 

in 

MS 

00 

p 

cm 

or 

o 

3 

00 

O 

GO 

8 

CM 

-St 

r- 

o 

in 

p 

CO 

b 

GO 

b 

A-< 

b 

b 

GO 

CM 

b 

b 

b 

o 

b 

b 

8 

b 

CO 

O’ 


in 

t"* 

00 

CO 

O' 


CM 

CO 

m 

m 

Tt 

-f 











r ~ l 

r ‘ H 







go 

-r 

o 

GO 

»—i 

8 

& 

1— 

o 

CO 

s 

CM 

P 

p 

8 

O' 

O' 

9° 

ip 

p 

r- 

o 

co 

8 

b 

Ah 

b 

b 

CO 

GO 

CM 

b 

Ah 

in 

b 

Ah 

|s. 

|’o. 

in 

co 

in 

O 


00 

GO 

O' 


CM 

CO 

in 

-st 

-t 

-St 

O' 










*“■* 

t-h 

r— ' 







in 

o 

CM 

sO 

vO 

8 

8 

o 




in 

, 




-r 

co 


I'** 

CM 

p 

-st 

t- 

p 

o 

vO 

p 

o 

O' 

p 

p 

b 

Ah 

b 

3 

b 

§8 

b 

b 

CM 

b 

b 

b 

Ah 

GO 

b 

Ah 

T-H 

co 

-st 

or 


CO 

O' 




in 

m 

CM 

CM 

00 










*"* 

T “ 1 

T-* 







£ 

3 

nO 

rt 

t— 

p 

3 

5 

in 

9 s 

CO 

CM 

c- 

s 

m 

o 

p 

P 

CM 

O' 

00 

b 

CO 

<Si 

CM 

in 

8 

in 

00 

b 

b 

b 

b 

b 

b 

Ah 

8 

b 

CO 

■sf 

in 

NO 

f- 

00 

o 



CM 

in 

-st 

co 

-sr 
























00 





GO 












in 





(jo 












00 





CM 

















CM 








CN 

t t 

00 


CM 

CM 

o 

£ 

o 

00 






NO 



9° 

p 


CM 


1 


CM 

co 

sO 

CO 

l ^ 

i ?° i 

b 

b 

Ah 

b 

o 

o 

1 

S 

CM 

in 

CM 

b 

1 CM 

1 8 1 

CM 

co 

-t 

Tt 

NO 

00 


•st 

00 

O 

in 

CM 








r ~ i 



CM 


W* 


CM 

CO 

64 

§ 

8 

CM 

-St 

CM 

-st 

CM 

« 

g 

CM 

O' 

s 







CM 

in 

o 

o 




CO 











CM 

rr 

00 

vO 

















C 

a 

c 

t: 





"S' 






1 

1 1 



rO ^ ^ ^ * 



241 


First we see that scandium as the “most negative”, which 
posseses the smallest atomic weight, shows in its sulphate solutions 
the smallest conductivity for v — 32: X — 27*82 and for v 1024 
another minimum number X ^80*18. 

The other rare earth elements show values for A,?; 32, varying 
between GV — 33*81 and Yb ~ 39*77 and for r 1024, varying between 
Sm =-* 8510 and Yb = 95T1. 

This time we give also values found for r = 1024 to r = 16394, 
for they enabled us to find hydrolysis for dilutions above r ----- 1024. 
The numbers given for b — c stand as a kind of expression for hydrolysis. 
Cerium, an element giving higher valency salts, i. e. those of CV V , into 
which it may be partly converted, shows for /> — r the high value 5*67. 

But even in such cases, where values (/> — c) are wanting for Sc, Tb 
and /'V, the high values of d — a for Tb — 137*9 and for Kr ---- 151*7 
indicate a considerably high hydrolysis. For Sr the values from v -- 32 
to r 16.394 are comparatively very condensed (d — ci = 90*8), but for 
others they extend from Sm- (8T6) to Tb (15T7). If we assume for c of 
Sc X ^ 75*4, we obtain for c — a 47, a minimal value against that of 
ytterbium equal to 90*66; again for Sc d — c 128, which is a maximum 
for the whole series. Other highest values indicating hydrolysis, viz d , 
are those of Tb equal to 173*0, Er 1884 and for Yb 136*2 to 139*3. 


II. Hydrolysis expressed by the Inversion 
of Saccharose. 


The constants K of the velocity of inversion were thus calculated: 


K 


2*30 


log, 0 


(tt t — a>j 

at ..— 


2*30 

/o 


iog 1() 


St, 

Sr 


where ,S' ( , and St. are the concentrations of saccharose present after 
the time and t... The concentration of saccharose after the time t is 
proportional to the difference of the angle of rotation a t , observed 
after time t and the angle of rotation after practically infinite time 
when all saccharose is inverted ; thus for St the difference «i — a 
is to be substituted. Now the specific rotation of invert sugar, 
[a]^ — 20‘02; our solution was a 10% one and the polarimetric tube 
was 20 cm long; thus the angle to be observed after t -=<x> has to 
be — 20*02 : 5 = —4-00° which is a,a. Similarly from the specific- 
rotation of the 10% saccharose solution the angle observed at the 
beginning of hydrolysis comes out to be -f- 65 95:5 ===== -f-13*19, which 
is « 0 . The time t has been substituted in minutes. The “velocity 
constants”, of course, increase with time as the hydrolysis progresses. 



242 


We expressed at first all data obtained for the inversion on one 
graph, but the curves covered each other that they could not be 
distinguished. After this the curves were picked out separately in two 
figures (1, 2) each, those for terbium having been left out, owing to 
some irregularity. 

The data obtained and expressed in this way are given Table II. 
and plotted in the graphs Fig. 1 and 2. 


Table II. 


Velocity constants in 10”" of inversion of 10% saccharose at 100° C. 


u 

/64 


tf/128 

t</64 


m/128 



. 9 HA) 




Gd^SO^.S HA> 


t in 

It 

( in 

It 

/ in 

h 

t in 

h 

4 

103 

4 

73*8 

4 

98. 

.3 4 

54*8 

6 

158 

6 

118 

6 

158 

6 

109 

8 

250 

8 

225 

8 

259 

8 

221 



. s 11 At 




™ a (W 4 ) 3 . 8 If A) 


4 

205 

5 

177 

4 

109 

4 

76 3 

6 

305 

8 

338 

6 

257 

6 

163 

8 

485 

IIA) 


8 

509 

8 

Kr a (s3;,) a .s II,n 

144 

3 

113 

4 

103 

4 

170 

4 

89*5 

4*5 

178 

6 

193 

6 

284 

6 

253 

6 

232 

8 

280 

8 

347 

8 

366 

8 

355 

A T fF a (.S0 4 ) 3 . 8 11A> 




Ylt/SO^. . 8 IIA) 


3 

12) 

3 

112 

4 

261 

4 

148 

5 

207 

4*5 

150 

6 

433 

6 

318 

6*5 

313 

6 

214 

8 

505 

8 

362 

8 

382 

8 

286 







s (>,),» .8 If A) 




Y 2 (SO . 8 IIA) 


3 

146 

3 

121 

4 

198 

4 

147 

4*5 

244 

4*5 

168 

6 

328 

6 

242 

6 

340 

6 

279 

7*5 

458 

7*5 

352 

7 

427 

7 

381 

8 

318 

8 

202 

8 

405 

8 

304 








mso ,),. 0 IIJ> 










K 




ff/64 

after 1 h. a 

180*85 

6000 




ff/128 


181*10 

5300 




^ 256 

-> 

184*34 

2500 





2 4 6 8 2 4 6 8 

lime in hours 


Fig. 2. 

Effect on inversion of saccharose due to hydrolysis of it/128 rare earth sulphates. 
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The arrangement in Table II. shows that the hydrolysis due to in¬ 
version is minimal for La, but it is not followed by Ce, which goes 
out of the regular order, probably partly owing to its slight oxida¬ 
tion, hereby becoming less positive. This irregularity we have noticed 
already in the conductance. Then follow in regular order the less and 
less positive elements Pr, Nd, “67”*) and Shn, after which a discon¬ 
tinuous change to the very positive Gd is observed in a value very close 
to the most positive La. 

From the regular order, which the elements La, Pr , Nd and “o7” 
follow, it seems that the last one ends in the seventh group of the 
periodic system. 

It is a great pity that we do not know the behaviour of europium, 
an extremely rare element and of the elements 7)y, Ho , Tn and La¬ 
in order to survey the 9 th series; however, the position of the ele¬ 
ments Pa and Gd makes it probable that the position of the elements 
Sm — Er in the ninth group is justified. (Compare Table III.) 

Table Ill. 

Place of the Rare-Earth Elements in the Periodic Table. 
Groups: I II III IV V VI VII 

•s v 21 


V 39 


8th series 



J.n 57 

Cr 58 

Tr 59 

\<l 60 

61 

9th . 

Sm 62 

Jh'.ii 63 

Gd 64 

Tb 65 

Ihj 66 

II<> 67 

JCr 68 

10th 

Tn 69 

Yh 70 

/.« 71 

///' 72 


12th 


Ac 89 


*) Illinium or Florentiuni. 
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III. Hydrolysis expressed from catalysis 
of Methyl Acetate: 

The mode of carrying out the respective determinations was des¬ 
cribed in Part VI. of the first paper. It should be remarked that the 
titration of acetic acid set free by hydrolysis of the system in a sealed 
vessel at 100° C was performed with ft/50 NaOJI after first adding 
methyl acetate to the cool liquid, and then after one hour’s, two hours’ 
and after 90 hours’ boiling, so that it could be assumed that the 
reaction even in the presence of the most basic earths went practically 
to the end. 

The following results were obtained with the respective sulphates 
at the dilution ?//32. 


La 

60”*, A' --- 

124.10 « 

La 120”*, A 

112.10 «; 

mean 118.10 *■ 

re 

60'", A — 

144.10 

Ce 120”*, K 

145.10 «; 

mean 145.10 

Pr 

60"‘, A — 

384.10 B 

Pr 120”*, K 

395.10-% 

mean 389.10 *' 

Xtl 

60” 1 , K 

440.10 

N<l 120”*, A--- 

448.10 % 

mean 440.10 

Snt 

60”*, K 

149.10 % 

Sm 120”', A 

150.10 % 

mean 150.10 

(Li 

60'% a: 

197.10 ,J : 

; Gd 120"', K ~ 

195.10 % 

mean 196.10 


From the constants K hydrolysis may be calculated, after Ley, 
according to the formula 

t ,0, .... 100 A'/. 

V io — fi > 

where (' denotes the corresponding effect due to pure 11 Cl. 

The following series has thus been obtained: 

La Pr Nil Sm (id . . . Y 

0-48°/ o 0-59°/o 1 ■ 59° 0 1-80% 6T4 ( ’/„ 0 80°/ 0 2'57% 

It is interesting to compare the hydrolytic constants, or the degree 
of hydrolysis with similar values, obtained from analogous, but com¬ 
mon elements. So we have for MyS0 4 , and ALiSO^x, the expression 
of the basicity of both elements in the ratio 1:0 0003. On the other 
hand the relation of the basicity of La: Cc, as seen from the above 
experiments is 0 - 48°/ 0 :0’59°/ o . 

The last comparison was made only to show how close to each 
other stand the numbers expressing the basicity of the neighbouring 
elements of the rare earths, against those of analogous elements 
standing outside the group of rare earths. 
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General Conclusions. 

From the velocity of the inversion of saccharose follows that the 
elements La, (■<•, Pr, Nd (and 67?) form a continuous series of de¬ 
creasing basicities, which is broken at Gd, which indicates that this 
element forms the first member of a third group of rare earths, viz. 
near the beginning of the ninth row in the Periodic Table. Old Yb 
(present Yb and Lx) furnishes a further negative element representing 
the end of the series of the rare earth elements and connecting it 
with hafnium. 

A similar conclusion can be arrived at from the catalytic decom¬ 
position of methyl acetate, at least as regards the position of our rare 
earth elements in the eighth series. 

The determinations of conductivity of the aqueous solutions of 
the sulphates, especially those at great dilution, show a high hydro¬ 
lysis, especially in the case of r J'l> and AY, and a smaller one in Yb. 

Received June 4th, 1932. 


Institute of analytical and inorganic chemistry, 
Charles University, Prague. 



CONCENTRATION OF POLONIUM (RaF) FROM THE 
ACTIVE LEAD NITRATE 


by C. KULLE. 

The existing methods for isolating polonium (radium F) from 
the active lead nitrate are based on the electrochemical properties 
of this element, and its adsorbability in the form of complexes, from 
a feebly acid or neutral solution where it is present. 

For electrolysis 1 ) we usually employ either lead nitrate enriched 
with polonium by means of dialysis-) or the mother liquor obtained 
in separating crystals of lead nitrate from a saturated solution of the 
active compound.") Polonium can be obtained by shaking a solution 
of the active lead nitrate with a silver plate 1 ) on which it is deposited. 
According to the “precipitation rule” of O. Hahn an ion present 
in great dilution can be separated with a crystalline precipitate only 
if it can enter its crystal lattice, i. e. take part, with the ions of the 
precipitate, in forming mixed crystals. If, however, it does not, it remains 
in the filtrate, even if it forms an insoluble compound with the other 
ion of the precipitate present in the solution. According to O. Hahn 
and A. Karl 5 ) polonium can be carried down with lead tellurate. Lead 
is then precipitated as sulphate and the tellurate reduced by means 
of sulphur dioxide. There are also other interesting laboratory methods 
for isolating radium F (e. g. by means of colloidal platinum and silver), 
but they have no practical importance. 

The working up of the active lead nitrate for preparing radium F 
is fairly difficult, the quantity of this element in one gram of the 
salt corresponding only to 1—15 e. s. u. and the material being easily 
separated, when the solution is cooled. If the yield is to be tolerably 
good, it is necessary to treat large quantities of lead nitrate in a short 
time, and the result depends on the presence of impurities. The lead 
nitrate used contained bismuth, copper, antimony, aluminium, calcium, 
barium, sodium and chlorine. The optimum conditions which must 
be maintained in electrolyzing a solution containing pure radium F 
in absence of foreign substances cannot be applied for electrolysis 
of lead nitrate, as was found H. Raudnitz/') The precipitation of 
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radium F from a lead nitrate solution by electric current depends on 
several factors which can be controlled only with difficulty, such as 
the acidity and conductivity of the solution, current density, deposition 
potentials and presence of impurities, the last being most important 
in changing the electrochemical behaviour of such solutions. Prelimi¬ 
nary laboratory experiments gave results which are in accord with 
those of F. Paneth and O. Hevesy, 7 ) namely that the quantity 
of radium F deposited on the cathode scarcely exceeds 60% of the 
amount of radium F separated. The maximum percentage obtained 
was 70% of the amount of radium F contained in the solution. At 
higher current densities lead dioxide is deposited on the anode, and 
radium F is separated cathodically as well as anodically, also radium 1) 
is deposited simultaneously. In presence of impurities in the solution 
complicated processes seem to take place in the neighbourhood of the 
electrodes which we have not been able to interpret properly. Besides 
it is also impossible to prepare a mother solution free from radium I) 
from the active lead nitrate, because radium D is an isotope of lead. The 
extraction for preparing polonium has to be repeated from time to time. 

For a rough concentration of radioactive substances from a large 
quantity of raw material a chemical method is always suitable (shaking- 
out and precipitation methods including the addition of foreigen 
substances). The best method for further working up of concentrated 
solutions in presence of foreign substances is the electrochemical one 
which allows to isolate the individual radioactive products of disin¬ 
tegration according to their “nobleness”. The final products of the 
uranium series can thus be separated electrolytically one after the other 
at suitable current densities from the same solution, using electrodes 
of different materials. If then the products separated are dissolved from 
the electrodes and electrolyzed again, pure individuals, from the che¬ 
mical as well as from the radioactive point of view, are obtained. 
Full details on this matter may be found in the communications of 
LMeitner, 9 ) l.Curie 10 ) and J. O. Me. Hutchison. 11 ) The velocity 
and character of the deposition of radium D, radium F and radium F 
on different metals is discussed in a publication of O. Tammann 
and C. Wilson.'*) 

Concentration of polonium from the active lead nitrate 
by the shaking-out method, using aluminium and ferric 

hydroxides. 

In working with polonium it was observed that it is easily carried 
down with precipitates or adsorbed on voluminous substances, especi- 
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ally if the solution is neutral. To such substances belong the aluminium 
and the ferric hydroxides, the particles of which have a very large 
surface and are excellent adsorbents. Freshly prepared hydroxides 
(precipitated preferably with aqueous ammonia) are washed with hot 
water. If they are shaken with an active lead nitrate solution with the 
addition of ammonium nitrate, the radium V present is adsorbed on 
the precipitate. After shaking, the solution is left standing overnight; 
the clear solution is then decanted, and the precipitate washed with 
water. If lead ions are occluded in the precipitate, radium 1) is also 
contained in it, the solution being impoverished in regard to this sub¬ 
stance. Finally the hydroxides are washed in a Jena crucible. Polonium 
can be distilled off from these hydroxides which have the advantage 
that they do not sinter at high temperatures but remain porous. By 
the shaking-out method 70 to 80°/„, sometimes even 92 n / 0 of radium F 
contained in the solution are adsorbed on the hydroxides. The shaking 
is discontinued after 30 to 45 minutes, because the hydroxides are 
too finely dispersed by longer shaking, and settle very slowly, the 
results being only inappreciably better, as is seen from the following 
instance: 

To 100 cans of a 20% solution of lead nitrate were added always 
2 grs of moist aluminium hydroxide (corresponding to 0’045 grs 
At.,0.~) free from ammonia and sulphate ions (from alum), and the 
solutions shaken for different periods of time. The solutions were 
left standing for 24 hours, then decanted carefully, and after shaking 
to render them homogeneous their radio-activity was measured and 
compared with that of the unshaken solution. The amout of polo¬ 
nium adsorbed is seen from the following survey: 

Time of shaking: 30 min. 1 hour 2 hours 3 hours 
Percentage of polonium adsorbed: 848% 85’4% 864% 88% 

It follows that the adsorption of radium F on the hydroxide 
depends only on the uncovered surface of the particles of the adsor¬ 
bent, and that the greatest part of radium F deposits on the hydro¬ 
xide in the first half hour. After long standing the hydroxides be¬ 
come coarse-grained and less soluble in acids. 

Recently C. Chamie and A. Korvezee 11 ') studied the influence 
of different cations in presence of the same anions on the deposition 
of radium F during shaking, but they could not attain to definite 
conclusion from their results. A similar shaking out and precipitation 
method was used also by M. Guillot 14 ) in the study of the ter- 
and quadrivalency of radium F. 



250 


Working up of the active hydroxides enriched with 

polonium. 

1. Ferric hydroxide. — The enriched hydroxide was dissolved in 
nitric acid and the solution, made half normal in respect to this acid, 
was electrolyzed at 0'853 volts and a current density of 0'95.10 -5 amp /cm-. 
During 21 hours no polonium was deposited on the electrodes. 
Ferric ions are reduced to ferrous ions and a mixture of hydroxides 
is separated carrying down the greater part of the radium F con¬ 
tained in the solution. After the separation of the hydroxides the 
rest of the radium F is deposited on the electrodes. The working 
up of the enriched ferric hydroxide by eleclrolysis is thus uneco¬ 
nomical. Better results can be obtained with the distillation method. 
Otherwise both hydroxides can be dissolved in dilute hydrochloric 
acid, and radium F deposited on a rotating silver plate. 

2. Aluminum hydroxide .— The enriched aluminium hydroxide is ca¬ 
refully washed with water in order to remove the lead ions, and the adsor¬ 
bed radium F is brought into solution (along with some aluminium 
hydroxide) by washing the precipitate further in a crucible of Jena 
glass with half normal nitric acid. It is very important, how quickly 
the solution of lead nitrate is worked up after shaking with alum¬ 
inium hydroxide, because of the above-mentioned change of the 
hydroxide into a crystalline and less soluble form. The solution of 
radium F in nitric acid is contaminated somewhat with radium T) 
and traces of lead nitrate which can both be separated as difficultly 
soluble chlorides by means of hydrochloric acid. Laboratory expe¬ 
riments have shown that it is rather more convenient to separate ra¬ 
dium D from a solution of radium F electrolytically, because a part 
of the radium F may be lost by being carried down with the pre¬ 
cipitates in the chemical method. The solution of radium I), ra¬ 
dium F and aluminium hydroxide in half normal nitric acid, to which 
a few drops of glycerol have been added, is electrolyzed for 24 hours 
at 0'872 volts and a current density of 2 - 2.10 '* amp /cm-. In repeating 
the electrolysis all radium F is separated from the solution. The ad¬ 
dition of glycerol or sugar prevents the separation of aluminium hy¬ 
droxide from the solution, (which would carry down radium F) 
by increasing its solubility in nitric acid and thus stabilizing its so¬ 
lution. It prevents also cataphoresis of the aluminium hydroxide to 
the cathode. At higher current densities (065.10~ !) amp /cm 2 ) all ra¬ 
dium 1) is separated from the solution. Radium 1) and radium F were 
removed from the electrodes by interrupted electrolysis (anodic dis- 
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solution) using a gold anode and a point of a platinum wire as 
cathode, or by washing the electrodes in hot hydrochloric or nitric 
acid. The gold electrodes used had a surface of 3 sq. cms., because 
fewer secondary reactions take place in the neighbourhood of them 
than in that of platinum electrodes, only 0-5% of radium F remaining 
on a gold electrode when dissolving it in acids, whereas 13% of it 
are retained by a platinum electrode. The amounts of radium F de¬ 
posited on a platinum and a gold electrode are in proportion of 
3:2. About 100 cans of the solution were electrolyzed. The current 
was measured by means of a Chauvain-Arnoux micro-ammeter. 


Measuring instruments. 

For measuring the ^-radiation of the electrodes, waste and solu¬ 
tions, a large condenser or ionization chamber was used and for the 
/f-radiation also a condenser of larger dimensions, both in conjunction 
with a quadrant electrometer. Usual precautions were observed (charge 
of the casing of the condensers, distance of the preparations from 
the electrodes, isolation of the electrodes etc.). 

Measurement of the starting material (active lead 

nitrate). 

This was connected with great difficulties, as already stated by 
E. Rona 1 ) in her communication. The “drop method" used by 
I. Curie 10 ) is not suitable, giving satisfactory results in certain in¬ 
stances only. 

Working procedure. — 1 to 2 ccms of the solution containing ra¬ 
dium F are evaporated on a quartz cover, and the activity of the 
residue measured in an «-condenser. If the solution contains a foreign 
substance besides radium F even in a small amount, a particular 
layer of different thickness and surface shape is formed after every 
evaporation, a part of the u-particles being nonhomogeneously ab¬ 
sorbed by the layer of the salt, so that it is impossible to arrive at 
definite conclusions on quantitative relations under these conditions. 
When such a solution is diluted and a part of it evaporated, the 
ionization effect of the residue is not always measurable. 

If we have to measure a concentrated solution of radium F in 
a small volume under the supposition that it is free of impurities, 
certain difficulties arise in preparing the residue for measurement 
which must be considered. 
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When a few drops of a concentrated solution of radium F are 
evaporated, it can happen that the drops pipetted do not always 
have the same volume. Otherwise 1 ccm of the concentrated solution 
of radium F may be suitably diluted with water or dilute acid and 
a few ccnis ot this dilute solution evaporated on a quartz cover. The 
ionization effect of the residue must be still measurable. This diluting 
the solution has the disadvantage that the acidity of the solution is 
changed, because in a feebly acid or neutral solution radium F is 
not present in an ionic form (forming complexes or molecules), and 
a part of it is easily adsorbed on the walls of the vessels used. For 
this reason the control of the preparation of radium F by measuring 
the ionization is not exact and reliable. First the laborious “evapora¬ 
tion” method was used, residues of lead nitrate as nearly as possible of 
the same thickness having been prepared, and their activity measured. 

Radium F and radium T) were measured by their ionization effect, 
whereby the following relation holds for the total output of the «-ra- 
diation absorbed completely in the measuring condenser: the equi¬ 
librium amount of radium F corresponding to 1 mg of elementary 
radium has a current equivalent equal to 2660 e. s. u. representing 
224.10 -7 grs of radium F. To prepare two similar residues by 
evaporation is very difficult. A part of the emitted ^-particles is ab¬ 
sorbed at once by the layer of the nitrate, and the quality of the 
surface also has to be considered. At different thicknesses of the 
lead nitrate layer, if the surface is large and of the same quality, the 
measured ionization effect is reduced to a value, which it would have 
under the supposition of zero thickness of the salt layer, by means 
of the formula 7 —- 7x,. (1 — <■ where /, is a constant dependent 
on the salt, and // -= the weight of the salt on one unit of surface. The 
reduced value is actually the tangent of the expression ill /dp for // — 0. 

An absolute measurement of the starting material can be made 
only in rare instances. When electrolyzing lead nitrate and adsorbing 
radium F on aluminium and ferric hydroxides the ionization effect 
of evaporation residues obtained before and after the electrolysis 
(shaking) was measured. Comparing these measurements it is possible 
to calculate how much of the radium F was separated (shaken out) 
from the solution, and when the radio-activity of the electrodes have 
been determined, to calculate also the amount of radium F in the 
starting material. 

Preparing the evaporation residues. — A few ccms of the electro¬ 
lyzed solution were evaporated to dryness on a water bath before 
and after the separation (shaking out) of radium F. The dry nitrate 
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was ground in a porcelain, later on in an agate mortar, and the 
finely pulverized salt mixed with a little ethyl alcohol and brought 
onto an evaporating plate of brass. After evaporation of the alcohol 
(24 hours) the activity of the residue was measured. Supposing that 
the quality of the surface, the thickness and the extension of the 
residues are the same, their ionization effect must be directly pro¬ 
portional to the amount of radium F contained in them. In order to 
prove this two 20%, solutions were prepared, one of an active {]{), 
the other of an inactive (^t) lead nitrate, which on mixing in definite 
proportions gave following solutions: 

Solution No 1 2 3 4 5 6 7 

contained 

ccms of A: 100 85 65 50 35 15 0 

* » //: 0 15 35 50 65 85 100 

From these solutions evaporation residues were prepared in the 
usual way and their activity was measured in the «-ray condenser: 

Evapor. residue No.: 2 3 4 5 6 7 

Ionization effect 
after subtracting 

the natural leak: 0-160 0655 1085 1 585 208 2-495 

These results are plotted on the following graph. (Fig. 1). 



Fig. l. 

Preliminary measurements of the /i-radialion of radium D in eva¬ 
poration residues have shown that the ionization effect is not mea¬ 
surable because of the small radiating surface. Because it is impossible 
to prepare evaporation residues of large surface, a method was sought 
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to measure directly the electrolyzed (shaken) solution. Under certain 
conditions the method devised gives satisfactory results. 

The measured effect is really due to the ^-radiation of radium K 
From this the necessary condition follows, to measure the shaken 
solution several times in successive intervals of at least two days 
duration in order to ascertain whether there exists radioactive equi¬ 
librium within the solution, and eventually to extrapolate to this con¬ 
dition. By every chemical action on the lead nitrate, even by the 
electrochemical one, usually a part of radium A’, which may be very 
large, is carried down. A neglect of the corresponding correction may 
cause considerable errors. (The results seem to be much higher than 
they really are.) This consideration does not concern, of course, the 
radium F (because it is solely responsible for the a-radiation). 

To control this, comparison experiments were made and following 
relations found: 

a) As to the dependence of the ionization on the thickness of the 
solution layer at the same concentration and surface extension, there 
exists a ^saturation layer , from which on the ionization effect increa¬ 
ses only very slowly with the thickness of the layer (v-ray effect 
of radium F): 


Thickness 

of the layer in rnms : 1‘22 

221 

3*31 

4-35 

54 

6-43 

Ionization 

effect after subtracting 

the natural leak: 223 

3-27 

357 

4-00 

412 

427 


These results are plotted in Fig. 2. 

If we compare the ionization effects 
of two solutions under the same con¬ 
ditions (the same thickness, concen¬ 
tration and surface extension), we 
measure actually 

//; -f iy 


where i' r intervene in the measure¬ 
ment as a percentage (p) of the whole 
ionization effect so that we can write: 

/„■ t,i p V (1 + P) 

i\: ' i'r I' *',(1 f }>) ’ 

and it is apparent that i. and i'., are eliminated in this relative com¬ 
parison of intensities. 
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b) The ionization depends linearly on the concentration of the 
solution at the same thickness and surface extension of the solu¬ 
tion layer: 


Concentration of the solution: 1% 
Ionization effect after sub¬ 

5% 

10% 

20% 

tracting the natural leak: 023 
(Plotted in Fig. 3.) 

0-43 

0-55 

099 



The measurements were made at room temperature (18 to 20 u C), 
the temperature of the solutions being 24° C. The solutions No 1 to 
7 were measured in the /?-ray condenser, 100 cents of the solution 
having been brought onto a flat glass cover (with a surface of 106 
sq. cents), the distance of the solution level from the foil of the con¬ 
denser being 6'4 cms. 

(Plotted in Fig. 4.) 



Fig. 4. 


Solution No: 2 3 4 5 6 7 

Ionization effect after sub¬ 
tracting the natural leak: 0'616 2‘29 3 21 4 - 34 5‘98 7 - 40 


2 
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The results of these measurements show that the ionization effect 
is directly proportional to the amount of radium D in the solution. 
Under the supposition that the activity of 5 ccms of the active lead 
nitrate solution is a measurable minimum, this method allows a safe 
determination of such a quantity of radium D which is in equilibrium 
with 004 e. s. u. of polonium contained in 1 ccm of the solution. 

The measurements in the u-condenser showed that the ionization effect 
of the same solution fluctuates considerably during the same measure¬ 
ment. This is caused by the vapour of the solution condensing on the 
cooler walls of the condenser. To prevent this condensation the measured 
solution was closed hermetically by covering it with a celluloid film 
which let through 70 to 80% of the whole « radiation, but no vapours 
of the solution, the diameter of the celluloid film being 6 cms. 

(Plotted in Fig. 5.) 



It was ascertained experimentally that the ionization effect is 
directly proportional to the radium F content of the solution at the 
same density of the liquids, other conditions (thickness and surface 
extension of the layer) being the same. This relation holds, as long 
as the layer of the measured solution is thicker than (M mm. To 
control this statement the activity of solutions of the same density 
prepared from two 20% solutions of an active (B) and an inactive (.4) 
lead nitrate was measured: 

Solution No: 1 2 3 4 5 6 7 

contained of A: 30 25 20 15 10 5 0 ccms 

of B : 0 5 10 15 20 25 30 ccms 

Ionization effect after sub¬ 
traction of the natural leak: 0 37 1-7 2 99 4-83 597 7 88 
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The solutions were inserted into the a-condenser in an arrange¬ 
ment shown in Fig. 6 which is very convenient, because it prevents 
contamination of the condenser by the solution. 



Ffe. 6. 


It is thus possible to measure the starting material and to control 
safely the isolation of radium F from the active lead nitrate in a simple 
and quick way. 

Supposing that the activity of 5 cans of the active solution is a measur- 
surable minimum and that the layer of the solution is about Oi mm thick, 
this method allows us to estimate safely 0*05 e. s. u. of radium F 
contained in 1 can by a one-sided utilization of the a-radiation. The 
sensitivity of the method can be increased by enlarging the measured 
surface. (It is then necessary to stretch the celluloid film on a grating.) 

The method of A. Karl ’) to isolate radium F from the active 
lead nitrate by means of telluric acid and the shaking-out method by 
means of aluminium hydroxide are very similar; in order to estimate, 
which of both these methods gives better results, the same quantities 
(2 liters of a 20% solution of lead nitrate containing about 600 e. s. u. 
of JfttF) were treated in both ways. 

By the first method an enriched solution of radium F containing 
372 e. s. u. was obtained, from which 62% of radium F was carried 
down by the precipitate; by further purification (precipitating lead 
sulphate and reducing the tellurate) a loss of 9*2% of radium F 
resulted, which was adsorbed by the precipitates. The final solution 
contained 340 e. s. u. of radium F. By the shaking out method 88%, 
of radium F was adsorbed from the solution by aluminium hydro¬ 
xide, washing out of the aluminium hydroxide led to a loss of 4%, 
of radium F, and the activity of the final solution (of the aluminium 
hydroxide in nitric acid) was 504 e. s. u. 

Summary. 

By a shaking-out method it is possible to concentrate radium F 
by means of aluminium and ferric hydroxides from an active lead 
nitrate solution, the method being based on the adsorption of radium F 
from a neutral solution on the above-named hydroxides. Further 
purification is accomplished either electrochemically or by distillation. 
The method allows us by the treatment of a greater amount of active 
lead nitrate to prepare radium F in a short time. 


2 * 
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The course of isolation of radium F is controlled by measuring 
the ionization of solutions from which the radium i<’has been shaken 
out. The starting solution is measured directly and is hermetically 
enclosed by a celluloid film, which transmits the greater part of the 
measured a-radiation. At the same concentrations of the solutions, 
and the same thickness and surface extension of the layers the ioniza¬ 
tion effect is a direct measure of the radium F contained in the 
solution, as long as the liquid layer is not thinner than 01 mm. 

The author’s thanks are due to Dr. F. Behounek and Dr. V. 
Matula for kindly supplying laboratory apparatus, and giving expe¬ 
rimental as well as theoretical advice. 
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SYNTHESE DE L’ACIDE ISONIPECOTIQUE 

par V. HANOUSEK el V. PRELOG. 

La synthese de la quinuclidine, de ses derives et par consequent 
aussi celle de la partie loiponique des alcaloides du quinquina, con- 
siste a construire une chaine carbonee dans la position gamma de 
la piperidine. 1 ) Pour y arriver, on mettait a profit, jusqu’ici, l’aptitude 
reactionnelle des 4-methylpyridines.-) II ne manque pas d’essais de partir 
de certains derives piperidiques j-substitues, mais il semble qu’ils 
n’aient pas ete couronnes de succes. 1 )*) 

A notre laboratoire, nous factions de realiser la synthese de la 
piperidine avec un substituant approprie en position 4 par voie purement 
aliphatique en mettant a profit des matieres premieres d’acces facile. ') 

Comme but immediat nous nous sommes propose la prepara¬ 
tion de i’acide isonipecotique. Nous Tavons realise par la voie decrite 
dans la presente communication et nous avons l’intention de letendre 
ii la preparation des acides homologues et par la aussi de certains 
derives de la quinuclidine. 

Nous avons condense 1'ether ethylique ft ft'-dichlorc (1) **) avec le 
maionate d’ethyle disode, ce qui nous a donne Vether diethylique 
de iacide te'trahydropyrane-4,4-dicarhonique (II). L’acide tetrahydro- 
pyrane-4,4-dicarbonique mis en liberte (III) a ete transforme, par de¬ 
carboxylation, en acide tetrahydropyrane-4-carbonique (IV). 

Les trois derives t£trahydropyraniques avaient d£ja ete obtenus, par 
voie analogue, par J. v. Braun 11 ) mais a partir de I’ether /?/?'-di-iodo- 
ethylique 7 ) assez difficilement accessible, plus tard, par Ch. S. Gibson 
et J. D. A. Johnson s ) a partir de Tether ethylique ft /J'-dichlore et 
le maionate d’eihyle sode. 

Par action d’acide bromhydrique it 100°, il nous a £te possible de 
transformer 1’acide tetrahydropyrane-4-carbonique en acide 1,5- dibro- 
mopentane-3-carbonique (V). Son ether nous a donne, par traitement 

*) Peut-etre peut-on ranger a ce groupe de travaux la belle synthese de l’acide 
cincholoiponique, effectuee par Wohl et Lozanic a partir de 1’acetal imino- 
dipropionique par l’intermediaire du nitrile guvacique. 3 ) 

**) Fourni par l’etablisseinent Carbid and Carbon Corps. 
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a l’ammoniaque en solution alcoolique, a 130°, I'acide isonipecotique 
(VI) que nous avons pu identifier par son hydrochlorure, le chloro- 
platinate et le derive p-toluene-sulfonique. Nous avons d’ailleurs pre¬ 
pare encore Thydrochlorure de son ether methylique dont nous 
comptons faire usage dans nos essais ulterieurs. 

Les reactions ci-dessus s’accomplissent avec un tres bon rende- 
ment sauf pour la synthese au moyen du malonate d’ethyle disode 
(45%, du rendement theorique). Etant donne le prix peu considerable 
de la matiere premiere, ce resultat est d’ailleurs tout a fait satisfaisant. 

La raison pour laquelle le rendement en produit principal de la 
synthese au malonate d’ethyle est abaisse, trouve son explication 
dans la formation d’une serie de produits secondaires, parmi lesquels 
nous avons pu isoler deux, a savoir I'cther diethylique de I'acule 
(2-cthoxyethyl)-propyl-cther-3’, 3'-dicarbonique (VII) et l'ether tetra- 
ethylique de I’acide di-n-propyl-ether-3, 3,3', 3'-tetracarbonique (VIII). 
Ajoutons toutefois que parmi ces ethers aucun n'a pu etre obtenu 
a 1’etat completeinent pur par simple distillation. Par action d’une 
solution alcoolique d’ammoniaque nous avons transforme Tether di¬ 
ethylique de I’acide VII en une diamide (IX). La saponification de 
Tether diethylique a donne, sous forme d’un sirop incristallisable, 
I’acide dicarbonique libre que nous avons caracterise par son sel de 
baryum cristallise. Par decarboxylation, nous avons obtenu I'acide 
(2-ethoxyethyl)-propyl-e!her-3'-carbonique (X), et cela a I’etat pur. 
Quant a I’acide di-n-propyl-ether-3,3,3', 3'-tetracarbonique, nous I’avons 
identifie a I’etat de sa tetramide (XI) cristallisee. 


Le nouvel acide 1, 5-dibromopentane-3-carbonique constitue, meme 
en faisant abstraction de la synthese de I’acide isonipecotique, un 
corps fort interessant, et nous ne nianquerons pas de mettre a profit 
sa grande activite chimique. Distille dans le vide, il perd nettement 
1 mol. d’acide bromhydrique avec formation de la 2-(/?-bromoethyl)- 
butyrolactone (XII). Par Taction du chlorure de thionyle, I’acide 1,5-di- 
bromopentane-carbonique donne son chlorure, et celui-ci, par action 
d’ammoniaque, une amide instable. De la meme maniere que I’acide 
1,5-dibrome nous avons prepare I’acide 1,5-dichloropentane-3-carbo- 
nique (XIII). _ 

L’acide isonipecotique a £te obtenu par Ladenburg et Karau 9 ) 
par reduction de I’acide isonicotique au moyen du sodium en pre¬ 
sence d’alcool methylique, plus tard, par K. Hess et Leibbrandt 10 ) 
par hydrogenation catalytique du meme acide. Toutefois, la preparation 
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de I’acide isonicotique pur est assez penible. L’acide isonipecotique 
a fait, il n’y a pas longtemps, I’objet d’une polemique entre K. Hesse 
et K. Freu den berg 11 ) a propos de 1’etablissement de la constitution 
des alcaloides de la noix de betel. Faisons remarquer que les pro- 
prietes que nous avons trouvees a notre acide, sont en parfait accord 
avec les indications de Freudenberg. 
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Fartie exp£rimentale. 

Preparation de l’acide tetrahydropyrane-4-carbonique. 

Condensation avec l’ether malonique. — 460 gr de sodium sont 
dissous dans 4200 gr d’alcool absolu (prepare suivant Lund et 
Bjerrum), 12 ) puis additionnes de 1600 gr de malonate d’ethyle. 
Au derive disode solidifie on ajoute 1430 gr d’ether /?, /?'-dichloro- 
ethylique, on abandonne le tout pendant la nuit, puis on chauffe 
a reflux, au bain-marie, pendant 24 heures. Du melange r£actionnel, 
I’alcool est chasse par distillation au bain-marie, le residu est verse dans 
6 kg d’eau froide. A la solution presentant encore une faible alcalinite, 
on ajoute 100 cc d’acide chlorhydrique a 3%. La couche sup6rieure 
est separee, puis lavee a Teau. Les portions aqueuses sont agitees 
avec de Tether lequel, en meme temps que la couche huileuse, est 
desseche au moyen de chlorure de calcium. Le residu apres l’elimi- 
nation de Tether est fractionne sous un vide de 8 it 10 mm. De cette 
maniere, on obtient: 

590 gr d’une portion bouiliant au-dessous de 100" et renfermant 
surtout Tether dichloroethylique echappe a la reaction, 

1045 gr d’une portion passant entre 135 et 140" et constituant 
1 ether diethylique de Tacide tetrahydropyrane-4,4-dicarbonique presque 
pur (45° 0 du rendement theorique), 

256 gr d’une portion distillant entre 160 et 165", formee princi- 
palement par Tether diethylique de Tacide (2-ethoxyethyl)-propyl-ether- 
3, 3'-dicarbonique impur, et, enfin, 

268 gr dun residu a point d’ebullition plus eleve et dont on peut 
isoler Tether tetraethylique de Tacide di-«-propyl-ether-3,3,3', 3'-tetra- 
carbonique. 

Ether diethylique de Tacide tetrahydropyrane- 
4, 4-dicarbonique. 

II constitue un liquide incolore, huileux, d’une odeur faiblement 
etheree. Sous la pression de quelques dixiemes de millimetres il bout 
a 124" (non corr.). Son poids specifique est de 1M061 (pour 13’8°:4°). 

Indices de refraction: 


i 12-4" 

1-4465, 

m, 1-4486, 

v r . 1-4544, 

n r 1-4591, 

n,t — «„, 

v y — n„ 

M trou ve 

5544 

55-67 

5629 

56-79 

0-840 

1-342 

M calcule 

55-50 

55-75 

56-38 

5685 

0-834 

1-355 

/■: M 

— 0-06 

— 0-08 

— 004 

— 006 

— 0-006 

— 0013 

2‘ M 

-0-02 

— 0-03 

— 002 

— 003 

— 1 % 

_ 10/ 

1 In 
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Acide tetrahydropyrane-4,4-dicarbonique. 

1000 gr dither di£thylique sont maintenus £ l’ebullition, a reflux, 
avec 3500 d’acide chlorhydrique a 10%. La solution limpide est 
ensuite 6vaporee a siccite dans le vide. Elle abandonne des cristaux 
d’acide tetrahydropyrane-4,4-dicarbonique qu’il suffit de faire cristalliser 
une seule fois dans un melange d’ether ordinaire et dither de petrole 
pour I’avoir tout a fait pur. Le point de fusion est a 171° (non corr.). 

Acide tetrahydropyrane-4-carbonique. 

On 1’obtient en chauffant l’acide dicarbonique au-dessus de son 
point de fusion et en distillant dans le vide. Sous 8—12 mm de mer- 
cure il bout entre 162 et 164°; a la pression ordinaire, a 260°, sans 
qu’il y ait decomposition. 

Le distillat huileux devient presqu’aussitot solide, cristallise, et 
fond alors a 89° (non corr.). 

Le rendement est presque theorique. 

Ether dthylique de I’acide tetrahydropyrane- 
4-car bon ique. 

II se trouve d£ja decrit dans la literature.') Voici le meilleur 
procede pour etherifier l’acide: 26 gr d’acide et 25 gr d'alcool absolu 
sont satures de gaz chlorhydrique sec, puis abandonnes, a froid, 
pendant la nuit. Le melange reactionnel est verse dans une solution 
froide de soude carbonatee. L’huile separee est reprise dans l’ether, 
apres ['elimination duquel le residu est distille deux fois dans le vide, 
on il passe entre 100 et 101° (non corr.) sous 7—8 mm de merctire. 
C’est une huile a faible odeur, pr£sentant le poids sp^cifique de 
1 0455 (pour 13'6°:4°) et les indices de refraction suivants: 


t 12-4° u„ 

1-4475, 

nit 14444, 

n ft 1-4499, 

■n y 1-4544, 

11 ,; — n .,, 

lly - )l„ 

M trouve 

39-95 

40-13 

40-57 

40-91 

0593 

0-954 

J\T calculi 

40-07 

40-24 

40-66 

4102 

0-599 

0-073 

EM 

— 0*12 

— Oil 

— 009 

— Oil 

— 0006 

— 0017 

I'M 

— 008 

- 0-07 

— 0-06 

— 0'07 

_ 10 

1 / 0 

— 1-8%, 


Acide 1,5-dibromopentane-3-carbonique. 

Parmi les quelques preparations que nous avons faites nousn’en 
decrirons ici qu’une seule: 13^r d’acide tetrahydropyrane-4-carbonique 
sont dissous dans 43 gr d’acide bromhydrique a 48%, la solution 
est satur6e a 0° de gaz bromhydrique sec, puis chauffee, en tubes 
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scelles, pendant 8 heures & 100°. Le melange reactionnel, renfermant 
une huile epaisse, est dilue par de l’eau, ce qui fait que I’huile se 
prend en une masse soiide, cristallisee. On la triture, I’essore, lave 
a I’eau, et on obtient ainsi 23 gr (84 n / 0 du rendement theorique) 
d’acide 1,5-dibromopentane-3-carbonique presque pur qui, recristallise 
dans I’ether de p£trole (bouillant au-dessous de 80°), forme de belles 
aiguilles longues, fusibles entre 58 et 59° (non corr.). Le corps est 
insoluble dans l’eau, bien soluble dans I’ether, I’alcool, le benzene. 

Analyse (apres dessiccation dans le vide sulfurique): 

Substance: 141 *0 mgr, 11.A) 44’5 mgr, CO. z 1355 mgr, 

199 0 mgr, A;/Hr 2730 mgr. 

n,,II V) 0.,Hr. 2 (273 8): Calcule II 3-68%, (! 26-28°/,,, Hr 58-39",,. 

Trouve IT 3-5%, C 2fr2°/„, Hr 58‘4° ,,. 

Ether e t h y 1 i q u e. 

22 gr d’acide 1,5-dibromopentane-3-carbonique sont dissous dans 
40 gr d’alcool absolu, puis satures, a la temperature du Iaboratoire, de 
gaz chlorhydrique sec. Apres avoir ete abandonnee, a froid, pendant 
la nuit, la solution est versee sur un melange de neige et de soude 
carbonatee en cristaux qu’on ajoute jusqu’a obtention d’une reaction 
alcaline permanente. L’huile separee est extraite a l'ether, la solution 
etheree est dess£ch£e au moyen de sulfate de sodium anhydre, le 
residu apres 1’ecartement du solvant est distille dans le vide. Apres 
une fraction de tete peu considerable, on rassemble la portion prin- 
cipale bouillant a 153° sous 7—8 mm de mercure. Le rendement est 
de 21 gr, ce qui repond a 86°/ u du rendement theorique. Sous la 
pression de quelques fractions de/«/« de mercure le produit distille a 133" 
(non corr.) sous forme d’un liquide jaunatre, d'odeur caracteristique, de 
poids specifique L5838 (pour 14 - 0°:4°) et d’indices de refraction: 


t 12-5" n„ 

1-4982, 

u„ 1-5012, 

a ,i 1'5086, 

r/.. T5149, 

n,i — n „, 

)l,. - »„ 

M trouve 

55-83 

5611 

5681 

57-40 

0-982 

1-568 

M calcule 

56-03 

5633 

57-01 

57-67 

1009 

1-634 

/•; it/ 

- 0-20 

— 022 

— 0-19 

— 0-27 

— 0-027 

— 0066 

2’ .17 

-007 

— 008 

— 006 

— 0-09 

— 2-7% 

-4-2"' (v 


Analyse: 

Substance: 155-1 mgr, HJJ 643 mgr, (JO„ 182'7 mgr, 

184 5 mgr, A(/Br 229 - 0 mgr. 

(\H u O.Jir o (301-8). Calcule 11 4'64'V 0 , C 3L80°/ 0 , Br 52‘99°/ 0 . 

Trouve II 4-6%, C 32-1%, Br 52-8%. 
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Amide. 

54 gr d’acide 1,5-dibromopentane-3-carbonique sont chauffes, pen 
de temps, au bain-marie avec le meme poids de chlorure de thionyle. 
L’exces de chlorure est elimine par distillation, le residu est lente- 
ment verse, en melangeant et refroidissant, dans 10 gr d’ammo- 
niaque aqueuse a 25°/ 0 .Les cristaux obtenus sont essores, desseches 
sur une assiette poreuse, puis recristallises dans le benzene bouillant. 
Ainsi purifi£, le corps est en longues aiguilles fusibles entre 77 et 
78° (non corr.). 

Analyse (apres dessiccation dans le vide sulfurique): 

Substance : 9910 mgr , A\> 0 426 cc (16 - 5°, 747 mm). 

C,.Jf n OJIr..N (272-8): Calculi N 543%. 

Trouve N 5*0'*/ o . 

Le corps est fort instable et se transforme facilement en un autre 
produit cristallise que nous n’avons pas etudie jusqu’ici. 

2 - (fi - B r o m o e t h y I) - b u t y r o I a c t o n e. 

55 gr d’acide 1, 5-dibromopentane-3-carbonique sont distilles dans 
le vide. Lors de la fusion on observe un degagement considerable 
de gaz, et la distillation fournit, sous 6—7 mm de mercure, 2 gr d’une 
portion de tete et 35 gr d’une fraction passant entre 151 et 153 n . 
Dans une nouvelle rectification dans le vide de quelques dixiemes 
de mm 34 gr (88"/„ de la quantite theorique) distillent a 137° (non corr.). 

La 2-(/?-bromoethyl)-butyrolactone est line huile lourde, faiblement 
jaunatre, inodore, de poids specifique L5577 (pour 13'8 H :4 0 ). Elle 
presente les indices de refraction suivants: 


/ 12-4° n, 

, 1-5030, 

n„ 1-5058, 

>v 1-5131, 

L5195, 

\l[i Hu , 

«;• - 

M trouve 

36-76 

36-93 

37-39 

37-77 

0-622 

1009 

M calcule 

36-94 

3713 

37-56 

37-98 

0634 

1-036 

/•: M 

— 018 

— 019 

— 017 

— 0-21 

— 0012 

— 0027 

2'M 

— 009 

— 010 

— 009 

— 011 

- 1-9% 

— 2-5° ,, 


Analyse : 

Substance: 157-5 mgr , 11,0 67-6 mgr, CO, 214-0 mgr, 
177-5 mgr, Ay Hr 173*3 mgr. 

(\H 9 0 2 Br (192-9): Calcule II 4'67°/ 0 , C 37-32%, Iir 41-42° 0 . 

Trouve H 4*8%, C 37-1%, Br 41-7%. 
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Acide l,5-dichloropentane-3-carbonique. 

6 gr d’acide tetrahydropyrane-4-carbonique, additionnes d’un grand 
exces d’acide chlorhydrique concentre (<l ■— ri9), sont chauffes, en tube 
scelle, pendant 8 heures & 130°. L’huile qui se separe du melange 
reactionnel cristallise apres un temps prolonge. Recristallis£ dans l’ether 
de petrole, le corps est en fines aiguilles blanches, fusibles & 54—55° 
(non corr.). 

II a ete analyse apres dessiccation dans le vide sulfurique. 

Substance: 203 5 mgr, AyCl 317 5 mgr. 

C t ,H u /J,Cl, (184-9): Calcule Cl 38-36%. 

Trouve Cl 38-6%. 

Acide isonipecotique. 

\3‘5gr d’ether ethylique de i’acide 1,5-dibromopentane-3-carbonique 
et 75 gr d’une solution a 20% d’ammoniaque dans I’alcool methylique 
sont chauffes, en tube scelle, pendant 3 heures a 130—140°. Au pro- 
duit de reaction on ajoute 80 gr de baryte caustique en solution 
aqueuse saturee a chaud, puis on fait passer la vapeur d’eau aussi 
longtemps que le distillat ne reagit pas avec le reactif de Nessler. 
Apres refroidissement, on introduit du gaz carbonique jusqu’a reaction 
neutre vis-a-vis de la phenolphtaleine, on ecarte par filtration le carbo¬ 
nate de baryum, et le baryum residuel par de 1’acide sulfurique dilue. 
Le filtrat apres le sulfate de baryum est traite par de 1’oxyde d'argent 
fraichement precipite (elimination de Br'\ puis, apres filtration, par 
I hydrogene sulfure (elimination Le liquide limpide est evapore 

a sec dans le vide. II reste 5 gr d’une matiere cristallisee, ne fondant 
pas aux temperatures allant jusqu’a 300°, ce qui repond k 90% du 
rendernent theorique en acide isonipecotique. Les proprietes du pro- 
duit sont en accord avec celles signalees par Ladenburg. En vue 
de I’identification nous en avons prepare le chlorhydrate, le chloro- 
platinate, le derive ^i-toluene-sulfonique. 

Chlorhydrate. 

1‘3 gr d’acide isonipecotique sont evapores avec 1 gr d’acide chlor¬ 
hydrique concentre. La masse cristalline obtenue fournit k la recristal- 
lisation dans I’eau des cristaux incolores, bien developp^s, fondant 
avec decomposition a 293° (non corr.). 

Analyse du corps seche dans le vide sulfurique: 

Substance: 6860 mgr, N, 0-514 cc (19°, 731 mm). 

< \,H\o0. 2 NC1 (165-5): Calcule N 8-46%. 

Trouve N 8-4%. 
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Chloroplatinate. 

On Pobtient en melangeant des equivalents de chlorhydrate et 
d’acide chloroplatinique (en solution it 10%). Le sel obtenu noircit 
a 230° et fond entre 239 et 240° (non corr.) avec decomposition. 

Derive ^-toluenesulfonique. 

II a ete prepare en suivant exactement les indications de K. Freu- 
denberg ( Ber. 51, 1671). Point de fusion 170° (corr.). 

Chlorhydrate de Pettier methylique. 

Ce sel n’est pas d£crit dans la litterature.*) On 1’obtient de la 
maniere suivante: On suspend 1 gr d’acide isonip£cotique finement 
pulverise dans 20 cc d’alcool methylique, puis on introduit du gaz 
chlorhydrique sec, ce qui fait entrer l’acide en solution. Apres 2 jours 
de repos, on chasse le solvant par distillation dans le vide, et Ton 
extrait le residu avec du chloroforme. La solution obtenue est con¬ 
centre par evaporation, puis precipitee au moyen d’ether. Le preci- 
pite, qui constitue le chlorhydrate de Pettier methylique, est purifie par 
une cristallisation dans Pacetone. II forme alors de gros cristaux 
incolores, fondant a 169° (corr.). 

Analyse du sel seche a 56° dans le vide au-dessus de Caf'L: 

Substance: 9 625 mgr, X 2 0649 cc (16°, 736 mm). 

'l (179-5): Calcule X 7-80%. 

Trouve N 7-7%. 


Acide (2- ethoxyethyl)- propyl-ether -3,3'-dicarboniquc. 

Ether di£thylique. 

La fraction passant entre 160 et 165° sous 8—10 nun du produit 
de condensation de Pettier /?, /P-dichloroethylique avec le malonate 
d’ethyle disode (voir page 242) a ete distillee deux fois. L’huile obtenue, 
d’odeur faiblement etheree, bout dans le vide de quelques fractions 
de mm de mercure constamment entre 146 et 147° (non corr.). 

*) Freudenberg (Ber. 51, 1683) considcre, par erreur, le chlorhydrate de 
Pother methylique de l’acide AT-methyl-isonipecotique d’Hess et Leibbrandt 
(Ber. 51, 811) comme etani le chlorhydrate de l’ether methylique de Pacide 
isonipecotique. 
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L’analyse montre que le corps n’est pas encore tout k fait pur: 

Substance: 100-2 mgr, 1!J.) 74-1 mgr, CO., 205‘5 mgr. 

(276-0): Calcule II 8-70%, C 56'65"/ (1 . 

Trouve 7/8-2%, C 56-0%. 

Acide dicarbonique. 

50 gr d’ether sont chauffes avec 100 gr de potasse caustique 
a 50°/ 0 et 75 cc d’alcool, pendant 5 heures, au bain-marie. On dilue 
avec de l’eau, agite avec de 1’ether, acidule par II.,SO i , et enleve 
I'acide a la solution aqueuse par un epuisement 15 fois repete 
a l’ether. Apres dessiccation et distillation, I’acide reste a l’etat d’un 
sirop jaunatre dont on prepare le sel barytique. On purifie celui-ci par 
precipitation de sa solution aqueuse au moyen d’alcool. 

Analyse du sel seche a 110": 

Substance: 2990 mgr, 11 a SO 4 196*1 mgr. 

C,,II u O,,Ba (355-4): Calcule 11a 38-66" ,,. 

Trouve Ba 38-6%. 

Diamide. 

13"8£t d’ether diethylique sont dissous dans85^r d’une solution 
a 20% d’ammoniaque dans l’alcoo! methylique. Au bout de 5 jours, 
une matiere filamenteuse commence a cristalliser dont la quantite 
augmente successivement. Essore et recristallise plusieurs fois dans 
le methanol, le corps fond constamment entre 138 et 139° (non corn). 
II est en fins cristaux blancs, tres solubles dans l’eau et dans beaucoup 
de solvants organiques. 

L’analyse en a ete faite apres dessiccation sur ('aCl z a 78 u : 

Substance: 6247 mgr, N 2 0706 cc (19", 741 mm). 

GtllnQiN* (2180): Calcule N 12-85°/ 0 . 

Trouve N 12-9%. 

Acide (2-ethoxyethyl)-propyl-ether-3-carbonique. 

L’acide dicarbonique est chauffe a feu nu, sous la pression atmo- 
spherique, aussi longtemps qu’il y a d6gagement d’acide carbonique. 
L’acide monocarbonique forme distille dans le vide de quelques 
dixiemes de mm presque entierement entre 151 et 153° (non corr.), 
et ce point d’ebullition se maintient aux distillations rep£t£es. C’est 
une huile incolore, inodore, soluble dans l’eau, de poids specifique 
1-0521 (pour 13-5:4°), presentant les indices de refraction suivants: 
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i 12-4° n„ T4390, 

ni> 1*4411, 

n,i T4466, i 

n.. 1-4513, 

— n„, 

n.. — 

M trouv6 

43-86 

44-04 

44-52 

44-93 

0-664 

1070 

M calculi 

43-77 

43-96 

44-40 

44-81 

0-652 

1-045 

KM 

+ 0-09 

+ 0-08 

~r- 012 

+ 0-11 

+ 0012 

+ 0025 

I'M 

+ 0-05 

4- 0-05 

-f 0 07 

1- 0-06 

+ T8% 

+ 2-3°;,, 


Analyse: 

Substance: 1490 mgr, 11,0 120 - 4 mgr, ('0., 297-5 mgr, 

517-1 mgr, KOII +10 289 cc. 

CJ[ u ,0 :i (176 0): Calcule H 909%, V 54-55" COOIL 25‘6%. 

Trouve If 9"0° 0 , C 54 5%, COOIf 25-2° ,,. 


Tetramide de I’acide di-«-propyl-ether-3, 3, 3', 3'-tetra- 

carbonique. 

Du residu a point d ebullition eleve obtenu dans la condensation 
malonique on isole, au prix dun fractionnernent reitere et penible 
dans le vide, une portion bouillant de 187 a 192" sous la pression 
de quelques fractions de mm de mercure. L'analyse elementaire de 
I’huile obtenue jaune et epaisse signale la presence d’un ether 
tetraethylique. 

Substance: 101-3 mgr, 11,0 73' 1 mgr, CO., 205-5 mgr. 

r ls //. )(l a, (390-0): Calcule II 7-69%, C 55‘39%. 

Trouve II 8-0%, C 55-3° u . 

Les tentatives d’en preparer les acides dicarbonique ou monocarbo- 
nique libres n’ont pas eu de succes. 

L'action d’un grand exces d'ammoniaque methylalcoolique sur 
cette fraction a donne, au bout d’un certain temps, de durs agregats 
de cristaux qui, recristallises dans l'eau, fondaient a 226° (non corr.) 
avec decomposition. 

Le corps a ete soumis a l’analyse apres dessiccatiori dans le vide 
sulfurique. 

Substance: 5*940 mgr, N., 1 058 cc (17", 737 mm). 

(\ 0 1I, h O:,N a (274-0): Calcule N 20-43%. 

Trouve N 20*3%. 

Laboratoire de la maison 
Q. J. Driza a Prague-Holesovice 
(Tchecoslovaquie). 
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SUR LA /LPHENOETHYLHYDR AZINE 

par E. VOTOCEK el O. LEM1NOER. 


Dans noire memoire »Sur le pouvoir rotatoire de certaines hydra- 
zones sucrees en relation avec la structure stereochimique au car- 
bone rK 1 ) nous avons montre que le groupe benzyle des hydrazones 
sucrees determine une telle exaltation de la rotation du carbone a 
que la configuration du reste de la cliaine sucree n’a pas d’influence 
sur le signe de rotation de I’hydrazone. II est fort difficile d'expliquer 
pourquoi c’est precisement le groupe benzyle qui produit une telle 
exaltation, alors que les groupes phenyle ou alcoyle ne la determi¬ 
nant pas. 

Pour contribuera Pclucidation de ces questions, nous nous sommes 
proposes detudier au point de vue de leur pouvoir rotatoire celles 
parmi les hydrazones qui derivent des aralcoyl-hydrazines ou aralcoyl- 
aryl-hydrazines liomologues. 

Toutefois, ces hydrazines ne se trouvent pas decrites dans la lite¬ 
rature. C'est pourquoi nous avons ete obliges de les preparer dans 
le but signale. Comme liomologues immediats des hydrazines benzylees 
nous avons choisi comme objet d’etude les derives renfermant le 
groupe phenoethyle C K H T> . ('1L. ('IL, et nous avons prepare pour 
le moment la /f-phenoethylhydrazine. Ajoutons que nous avons obtenu, 
comme produit accessoire, encore la base di-/t-phenoethylee. 

Le produit de depart pour la preparation de la /t-phenoethy I hydra¬ 
zine etait constitue par le chlorure de /f-pbenoethyle 
qu’on obtient le mieux en faisant agir le pentaehlorure de phosphore 
sur I’alcool /t-ph£noethylique CU.,.CHMU qui est d’un acces 

facile dans le commerce. Le chlorure a ensuite ete transforme cn 
hydrazine par action d’une solution alcoolique de diamide suivant 
le schema principal 

C 6 1 Jr,. C1L . C1IJJI f 2 NIL . NIL = 

= NIL . NILIin f C n IIr, ■ <'lk ■ ( ' lI i ■ XU ■ XU 2 
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auquel s’ajoute, mais pour une part peu considerable, la reaction 
secondaire 

2 (\-JI -,. VIJ a . CII 2 Cl + 3 NIL . NIL =■■ 

■=■ 2 NIL . NH 2 HCl + (C,. Oil,. CII.^NoJL . 

De cette maniere, nous avons obtenu la /J-ph6noethylhydrazine 
sous forme d’une huile incolore, distillable seulement sous pression 
reduite, et donnant les reactions generates des hydrazines. 

Pour caracteriser la nouvelle base, nous I’avons transformee en 
divers derives cristallises parmi lesquels nous signalons le derive 
oxalyle, benzoyle, la semicarbazide et les thiosemicarbazides correspon- 
dantes, les hydrazones de mannose et de galactose. 

En ce qui concerne particulierement l’etude des hydrazones sucrees 
derivees de la /?-phenoethyIhydrazine, nous en rendrons compte 
prochainement. D’apres nos observations, en effet, les hydrazones 
de certains parmi les aldoses communs sont difficiles b obtenir £t 1’etat 
cristallise qui seul constitue la garantie de leur purete. 

Outre les condensations avec les sucres nous nous occupons d’une 
serie de reactions visant a la synthese des derives heterocycliques 
de notre hydrazine. 

Ajoutons que la preparation de la /i-phenoethylhydrazine fait I’objet 
d’une demande de brevet depose au »Bureau tch£coslovaque de bre¬ 
vets* a Prague en date du 11 juin 1932. 

Partie experimentale. 

Chlorure de /t-phenoethyle. 

Nous le preparions, en principe, suivant les indications de B a rg e r.-) 
C’est seulement apres 1’elimination de I’oxychlorure de phosphore 
par distillation que nous nous en sommes ecartes en ce sens que 
nous debarrassons le produit reactionnel du reste des combinaisons 
phosphorees par des lavages a I’eau. A cet effet, on introduisait le, 
residu de distillation refroidi, en mince filet et en agitant, dans de 
1’eau froide, apres quoi on abandonnait le tout pendant la nuit. 
L’huile obtenue, qui ne se separait que difficilement, etait lavee plu- 
sieurs fois avec de I’eau dans un entonnoir b separer, s^chee par 
('aCl, , puis soumise au fractionnement dans le vide. La portion prin- 
cipale passait entre 115 et 120° sous 15 mm de pression de mercure. 
Distillee de nouveau dans ie vide, cette fraction passait presque en- 
tierement entre 98 et 99° sous 14 mm de mercure. 

Le chlorure de phenoethyle pur ainsi obtenu formait un liquide 
incolore, fortement refringeant, doue d’une odeur caracteristique. 
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/?-Phenoethylhydrazine 

%% - - ('H ». Nil . Nil,. 

Parmi les nombreuses preparations nous n’allons decrire ici 
qu’une seule: 

60 gr de chlorure de phenoethyle et 55 gr d’hydrate d’hydrazine 
(produit Merck a 50% environ) ont ete dissous dans la quantite 
dalcool a 96% necessaire pour obtenir une solution limpide (con- 
sommation d’alcool l / 4 de litre environ). Le liquide a <?te chauffe 
a reflux pendant 4 heures au bain-marie. (Au bout d’une heure la 
solution comment a se troubler par le chlorhydrate de diamide 
engendre dans la reaction.) Apres refroidissement, le produit reactionnel 
formait deux couches dont Pinferieure, aqueuse, renfermait princi- 
palement le chlorhydrate de la base initiate (diamide), alors que la 
superieure etait constitute notamment par une solution alcoolique 
de la /?-phenoethylhydrazine formee par la double decomposition. 

La couche alcoolique a ete additionnee, en mince filet et en 
refroidissant, de 160 gr d’acide chlorhydrique (<l 119), ce qui fit se 

deposer un precipite cristallise constitue principalement par le chlor¬ 
hydrate de diamide (39 gr, I.). Le filtrat a ete concentre dans le vide 
a la temperature rnoderee de 50 a 60° jusqifa ce qu^il se fut pris, 
apres refroidissement, en une masse cristalline. Par essorage et 
dessiccation dans le vide sulfurique on a obtenu 80 de cristaux (II). 
Les eaux meres ont fourni, par nouvelle concentration, d’autres 5 gr 
de produit cristallise (III). 

Les chlorhydrates reunis (1 -4- Ii -f- HI) ont ete epuises au moyen 
d’un litre d’alcool a 96% bouillant, le dichlorhydrate de diamide 
non entre en solution a ete elimine par filtration, le filtrat a ete con¬ 
centre lui encore a la cristallisation. Le produit cristallise pesait T apres 
dessiccation dans le vide sulfurique et essorage au moyen d’ether, 
10 gr; des eaux meres on a pu recuperer d’autres 10 gr 4- 7 gr de 
in erne produit. 

57 gr de chlorhydrate ainsi obtenu ont ete purifies, de plus, par 
Iraitement a I’eau froide (250 ^): le chlorhydrate de /?-phenoethyl- 
hydrazine s'est ais6ment dissous, tandis qu’il restait 2 gr d 7 un residu 
cristallise peu soluble, forme par le chlorhydrate de di-/J-phenoethyl- 
hydrazine (voir plus bas). 

De la solution aqueuse la base a ete mise en liberte par addition 
de 30 gr de potasse caustique dans 30 cc d’eau. Une separation visible 
d’huile eut lieu seulement apres introduction d'un grand exces de 
potasse solide. L’huile separ^e a ete reprise dans Tether, la solution 


3 * 
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a ete sechee par KOll solide et deharrassee de son solvant par 
distillation, ce qui a donn£ un residu pesant 34 gr. Lors du fractionne- 
ment de ce dernier dans le vide il passa d’abord, entre 30 et 70°, 
une quantite peu considerable d’une portion de tete, apres quoi le 
thermometre monta rapidement. La fraction principale (19 gr) distiilait 
alors entre 137 et 139° sous 12—13 mm de pression de mercure. 
Elle etait constitute presque entierement par la /J-phenoethylhydra- 
zine. Le fractionnement du residu a donnt d’autres 6 gr. Les deux 
fractions reunies ont ete rectifiees de nouveau; elles ont fourni 24 gr 
de /?-phenoethylhydrazine pure bouillant & la temperature signalee 
plus haut. 

Le rendement etait de 41% du rendement theorique. 

Vu qu’il s’altere au contact de Pair, le produit a ete reparti en 
plusieurs tubes de verre scelles. 

La /?-phenoethylhydrazine est une huile incolore, fortement re- 
fringeante, d’une odeur de fleurs caracteristique, tres adherante aux 
objets. Elle se dissout aisement dans I’eau, l’alcool, Pether. Si sa solution 
dans les alcali dilues est agitee avec de Pether, elle engendre 3 phases 
liquides. Elle bout entre 137 et 139° sous 12—13 mm de mercure. 
Au contact de Pair, elle s’oxyde rapidement avec degagement d’azote. 
Ainsi, en ouvrant un tube scellt renfermant la base, on observe 
immediatement de petites bulles d’azote. En raison de ce peu de 
stability on est oblige de la conserver en vase clos, le mieux a Pabri 
de la lumiere. 

Analyse: 

Le dosage d’azote par le precede classique de Dumas ne se 
laisse pas effectuer, car au contact de 1’oxyde de cuivre la base se 
decompose deja it la temperature ordinaire, ce qui occasionne des 
pertes d’azote avant qu’on ait pu balayer Pair du tube de combustion. 
En effet, les chiffres obtenus pour l’azote £taient regulierement infe- 
rieurs de 1 a 2% a ceux qu’exigerait la theorie. 

Par contre, la m£thode Dumas est parfaitement applicable au chlor- 
hydrate de /?-phenoethylhydrazine (voir plus bas). 

L’analyse el£mentaire proprement dite ((', ll) a donne des resultats 
exacts meme avec la base libre: 

Substance: 02586 gr, CO, 0‘6675 gr, ILO 02060 gr. 

%//,%',: Calcule (! 70-53°/ n , H 8'89°/ 0 . 

Trouve C 70‘40%, II 8*91 %. 
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Reactions de la /f-phenoethylhydrazine avec les sels 

de metaux. 

1. L'addition d’un peu de base a la liqueur cupropotassique, a la 
temperature ordinaire, produit un trouble; apres chauffage a l’ebullition 
il se depose un beau miroir rose de cuivre, bleu vert en lumiere 
transmise. Le liquide presente de gouttelettes huileuses & odeur 
d’ethylbenzene. Les vapeurs chassees par ebullition se laissent en- 
flammer et brulent avec une flamme fuligineuse. 

La liqueur cupropotassique etendue fait separer sous l’action de 
la /Lphenoethylhydrazine deja a froid un precipite jaune brun d’oxyde 
cuivreux. 

2. Dans une solution de chlorure cuivrique une goutte de base 
produit un precipite blanc de chlorure cuivreux, devenant rose 
a I’ebullition. 

3. Une solution ammoniacale d’azotate d’argent brunit deja a froid; 
par chauffage modere on obtient un beau miroir d’argent. 

4. Une solution de chlorure mercurique est reduite, a froid, en 
chlorure mercureux; a I’ebullition, en mercure. 

5. Le chlorure de cobalt donne un precipite rose, devenant violet 
apres un certain temps. 

6. Avec le chlorure de nickel, on obtient un precipite vert pale. 

7. Le chlorure ferrique donne des flocons bruns d’hydrate ferrique. 

Les exemples ci-dessus montrent que notre base est fortement 

reductrice. 

Ch lor hydrate de /f-pli^ noethyl hydrazine 
( V, Hr, . OIL,. CU , . Nil. NII 2 . IK 7. 

A une solution de la base (2 gr) dans I’alcool a 96°/o (40 cc) on ajoute 
de I’acide chlorhydrique <1 ~ 1‘19 (1‘7 gr), Lorsqu’on chasse une partie 
du solvant par distillation et qu’on refroidit la solution ainsi concentree, 
il se separe le chlorhydrate en belles petites ecailles. On les essore et 
desseche a I’air (1'5 gr). Le produit est purifi6 par recristallisation dans 
I'alcool a 96"/ 0 et s£che £t 70° dans le vide sulfurique. 

Le sel pur ainsi obtenu est en belles ecailles hexagonales, Iuisantes. 
II est tres facilement soluble dans I’eau, un peu moins dans I’alcool 
a froid, bien soluble dans I’alcool bouillant, insoluble dans I’ether. Le 
point de fusion est peu net: entre 102 et 103° il y a suintement, mais 
la veritable fusion n’a lieu que vers 171°. Les solutions aqueuses du 
chlorhydrate deviennent violettes au contact de I’air et se decomposent. 
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Dosage d’acide chlorhydrique: 

Substance: 0'0694 gr, indicateur ph£nolphta!eine, 

consommation de NaOlI Ni 5 (/'—08875) 2'25 cc. 
. IK 7: Calcule HOI 2013%. 

Trouve //(7 20 99°/ 0 . 

Dosage d'azote: 

Substance: 0-0665 gr, % 99 er (21°, 745 m/«). 

0 H ll n NJ'l: Calcule .V 16-24%. 

Trouve 2V 16-52%. 

Analyse elementaire: 

Substance: 0-0630 £7-, OO., 0T281 gr, IL,0 0-0436 gr. 
C H lf i; ,NJ'l: Calcule O 55-63%, II 7 59%. 

Trouve O 55'46%, // 7-74%. 


/t-Phenoethylhydrazone de {/-galactose. 

1 -3 gr de galactose sont dissous dans le minimum d'eau chaude, 
puis additionnes d’une solution d& 1 gr de base hydrazique dans 
10 cc d’alcool a 96%. La solution est chauffee a reflux pendant 1 heure 
et demie. Apres refroidissement, elle se prend en une masse cristalline 
qu’on essore et lave a l’ether. Le produit est purifie par recristallisation 
dans I’alcool k 96% chaud, puis s£ch£ dans le vide sulfurique. 

L’hydrazone pure forme de petites aiguilles blanches, groupees en 
etoiles, fusibles a 125°. Elle est bien soluble dans l’alcool bouillant, 
peu dans l’alcool froid. Dans l’eau chaude elle se dissout avec hydro¬ 
lyse partielle. 

Le pouvoir rotatoire specifique dans 1’alcool m£thylique est [a\u - 
■— 13-76° au debut et reste tel meme pendant 14 heures. Le signe de 
rotation est done d’accord avec la r£gle des hydrazones benzylees. — 
Apres un temps trop prolonge lefc solutions dans Palcool methylique 
se decomposed toutefois. 

Dosage d’azote: 

Substance: Q-\*>2\gr, N, 1265 cc (20'5°, 746 mm). 
o u II i 2 K. 2 O h : Calcule N Q'39%. 

Trouve N 9-27%. 
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/t-Phenoethylhydrazone de (/-mannose. 

1’3 gr de mannose sont traites de la meme maniere que dans Ie cas 
du galactose. Apres 3 heures d’ebullition, Ie liquide reactionnel est 
abandonne a la cristallisation dans un endroit chaud. Les cristaux 
obtenus sont successivement laves a 1’eau et a Tether, puis s£ches 
sur une assiette poreuse. On les recristallise deux fois dans Talcool 
a 96°/„ chaud et desseche dans le vide sulfurique, puis a 80° dans 
le vide. 

Cristallisee dans Talcool, 1’hydrazone forme des cristaux compacts, 
presentant sous le microscope de petits prismes fusibles a 147 -148°. 
Elle est peu soluble dans Teau et Talcool froids, insoluble dans Tether, 
soluble dans Teau bouillante avec. hydrolyse partielle. 

En solution dans Talcool methylique, son pouvoir rotatoire initial 
est \n\i, — 4‘47", ce qui est en contradiction avec la regie des hydrazo- 

nes benzylees. La rotation finale, toutefois, est positive: («];, + 8 43, 

ce qui s’accorde avec la dite regie. 

Microdosage d’azote: 

Substance: 16'19 mgr, X 1 '338 cc (215°, 736 mm). 
c u IL,N,O r ,-. Calcule N 9*39°/ ft . 

Trouve X 9 28%. 

/V-Phenoethylosazone de fructose. 

Une solution limpide faite avec 0'5 gr de fructose, 113 gr de base 
hydrazique, 1 '5 gr d’acide acetique et 10 gr d’eau a ete chauffee dans 
un bain-marie bouillant. Le liquide prenait d’abord une coloration 
jaune, puis jaune brun, et finit (apres 20 minutes de chauffe) par 
separer Tosazone sous forme d’une huile foncee. 

Le produit n’ayant aucune tendance a cristalliser, sa nature osazo- 
nique a du etre etablie de maniere indirecte: A cet effet, 1’huile a d’abord 
ete lavee avec soin a Teau (pour eliminer les restes eventuels de sucre 
libre), puis elle a £te chauffee au bain-marie avec 1 gr de phenyl- 
hydrazine en solution dans Tacide acetique dilu£. Au bout de quel- 
ques minutes, le liquide reactionnel s£para une osazone cristallisee 
qu’on a pu identifier avec la phenylosazone de fructose (glucose). 

Elle fondait en effet, apres lavage a 1’acetone et recristallisation 
dans I’alcooi dilue, entre 207 et 209°, ce qui concorde avec le point 
de fusion de la phenylglucosazone. 

L’huile initiale etait evidemment la /?-phenoethylosazone du fructose, 
dans laquelle la phenylhydrazine a ulterieurement remplac6 les restes 
phenoethylhydraziques (C\H f /UL 2 . CII«NH . N~ ). 
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/?-Phenoethylhydrazide oxalique. 

Elle a ete preparee par la reaction 
CO. 00,11., 

j + 2 N,1L,. OIL. Clt,. C«// 5 =- 

CO.0C.JI h 

CO . Ay/., . ClI, OIL . (’JO, 
- 2 C.,1I Z 0H ~f| 

CO . N 2 1L . Clt 2 . C1L,. C e H z . 

On melange avec precaution 0-5 gr d’oxalate d’ethyle (1 mol.) avec 
1 gr de base hydrazique (2 mol.) sans employer de solvant. La reaction 
est violente, elle degage beaucoup de chaleur. Apres refroidissement, 
le melange se prend en une masse cristalline, compos^e sous le micro¬ 
scope de tres longues aiguilles. Le produit est lave a Tether (dans 
lequel il est peu soluble) et s£che dans le vide sulfurique. 

L’hydrazide fond entre 161 et 162°. Elle se dissout facilement dans 
1’alcool a 96% chaud, mais par refroidissement, meme tres lent, elle 
se separe ^ Tetat d’une gelee. 

Microdosage d’azote. 

Substance: 6878 mgr , N., 1035 cc (21°, 738 mm). 

(\JI,,N l O,: Caicule N 17-18%. 

Trouve N 16'97%. 

/I-Phenoethylhydrazide dibenzoique. 

En vue de preparer le derive monobenzoyle, nous avons melange, 
en solution etheree, 1 gr de base hydrazique (2 mol.) avec 0-52 gr 
de chlorure de benzoyle. La reaction etait assez violente. Apres un 
certain temps, le liquide se troublait par des cristaux mais qui ne 
constituaient que le chlorhydrate de Thydrazine initiale. Le filtrat 
ethere a ete abandonnG a [’evaporation lenle. II restait une huile 
epaisse, incolore qui cristallisait partiellement au cours de 3 jours. 
Les cristaux ont ete essores, laves par de Talcool a 70%, puis cristallises 
dans Talcool a 50°/ 0 bouillant, essores et seches dans le vide sulfu¬ 
rique. Le produit pur ne pesait que 0 3 gr, le rendement etait done 
mediocre. 

Le dosage d’azote a montr£ qu’on est en presence d’un d6riv6 
dibenzoyle de la phenoethylhydrazine: 

Microdosage d’azote: 

Substance: 1023 mgr, A T a 075 cc (23°, 745 mm). 

(\ z U^N.,0: Caicule N 8-14%. 

Trouve N 8'29%. 
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Le corps monobenzoyle exigerait 11-67% d’azote. 

La phenoethylhydrazine dibenzoylee cristallise dans l’alcool dilue 
(a 50%) en menus aiguilles pointues, groupees en houppes. Elle 
fond entre 144 et 145°. Dans Palcool a 96% froid, 1’acdtone, le ben¬ 
zene, elle est facilement soluble, moins dans I’ether, insoluble dans 
l’eau et la ligroine. 

PhenyI-/i-phenoethyl-semicarbazide 
(\H h . Nil . CO . NJI,. (74 . ( 74 %//,. 

En milieu ethere, on melange 1*2 gr disocyanate de phenyle et 
136 gr de /t-phenoethylhydrazine. 

La reaction est violente et fait separer, avec un fort degagement 
de chaleur, des cristaux incolores. On les essore, lave a I'ether et 
seche sur de la porcelaine degourdie. Le produit est purifie par une 
cristaliisation dans I’alcool a 96% chaud. 

La semicarbazide pure ainsi obtenue est en belles aiguilles tres 
longues, luisantes, fusibles a 148°. 

Microdosage d’azote: 

Substance: 9600 mgr , N.> 1 *41 cc (21°, 733 mm). 
r ]5 // K %0: Calcule N 1G*47°.' 0 . 

Trouve N 16‘44%. 

Phenyl-^-pheno^thyl-thio semicarbazide 
r,/4 . A77 . CS . N.JL . CH,. C1L. C,I/.. 

On melange, en solution etheree concentree, 1 gr de base hydra- 
zique et 1 gr d’isothiocyanate de phenyle. En peu de temps, une 
reaction energique se declare qui fait separer le produit en cristaux 
incolores. On essore, lave a I’ether, recristallise dans I’alcool a 96% 
chaud. 

La thiosemicarbazide forme de belies aiguilles incolores, luisantes, 
suintant un peu a 123° et fondant a 133°. 

Microdosage d’azote: 

Substance: 8695 mgr, N., I486 cc (21°, 732 mm). 
C.' lb H^N 8 S: Calcule N 15'49° /() - 
Trouve N 15*25°/ 0 - 
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Chlorhydrate de di-[/?-phenoethyl]-hydrazine 
(CJL,. ('If, . CII 2 . ) 2 AT 2 /4 . HCL 

li prend naissance, comme produit accessoire, lors de la prepara¬ 
tion de la /i-ph£noethylhydrazine. On le purifie par cristallisation dans 
I’alcool et lavage a I'ether. Lorsqu’on le fait cristalliser dans I’eau 
bouillante, il y a hydrolyse partielle, mais on obtient malgr£ cela 
le chlorhydrate pur sous forme d’ecailles faiblement jaunatres d’eclat 
soyeux. Dans l’eau froide il est peu soluble, tres bien dans I’eau bouil¬ 
lante, il est vrai au prix d’une hydrolyse partielle. L’alcool le dissout 
beaucoup deja a froid, I’ether presque pas. Le point de fusion n’est 
pas net (comme pour beaucoup de sels): vers 130° on observe un 
suintement, vers 200° il y a fusion complete. 

Dosage d’acide chlorhydrique: 

Substance: 0'2107 gr, indicateur phenolphtaleine, 

consommation de NaOH Nj 10 1*0149) 7 55 cc. 

C U JI, (I X,. I [Cl : Calcule IK'l 13'18%. 

Trouve IK’l 1326%. 

Dosage d’azote: 

Substance: 02122 gr, X, 195 cc (21°, 740 mm). 

r ]G H. 2l N,ri : Calcule N 1013%. 

Trouve N 10’13"/ 0 . 

Analyse elementaire: 

Substance: 0-1106 CO, 0282 \ gr, 11,0 0 0767 gr. 

C u J[^XJ’l: Calculi C 6941 %, II 7‘65%. 

Trouve C 69-64%, II 7*76 n / 0 . 

Di-(/?-phe noethyl)-hydrazine 
(%// 5 . OIL. GIL!), Ay/,.. 

Elle a ete mise en liberie par addition de potasse caustique (5 gr), 
dissoute dans peu d’eau, a une suspension aqueuse de chlorhydrate 
(2 gr). Le liquide alcalin, renfermant une partie de I’hydrazine libre 
a 1’etat de cristaux, a ete epuise ^ I’ether, I’extrait a £t6 sech£ par 
KOli en grains, debarrasse du solvant par distillation. Le residu 
huileux ne tarda pas S cristalliser. Les cristaux ont d’abord ete laves 
par peu d’alcool methylique, sech£s sur de la porcelaine d^gourdie, 
puis recristallises dans I’alcool methylique bouillant. 
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L’hydrazine libre forme de fines lamelles incolore?, d’eclat nacre. 
Par frottement, ces cristaux deviennent electriques. Elle est insoluble 
dans I’eau, peu soluble dans les alcools methylique et ethylique froids, 
bien soluble dans les alcools chauds. Le point de fusion est entre 
64 et 65°. 

Microdosage d’azote: 

Substance: 14-620 mgr, X.> 1'522 cc (22°, 742 mm). 

C U ,IL 0 X 2 : Calcule X \ V6T! n . 

Trouve X 1176 0 0 . 

II reste a etablir si la base constitue une hydrazine synietrique 
ou asymetrique, ce qu’on verra en etudiant sa maniere de se corn- 
porter vis-a-vis des aldehydes et des cetones. Les essais respectifs 
seront faits aussilot que nous disposerons d’une quantity un peu plus 
considerable de matiere. 

A litres derives de la /f-phenoethy I hydrazine. 

Outre les corps signales plus liaut, nous avons essaye de preparer 
les derives des composes suivants: diacetyle, aldehyde benzoique, glu¬ 
cose, arabinose, acide acetique. Dans tons ces cas nous avons obtenu 
des huilesou des masses incristallisables jusqu’ici; c’est pourquoi nous 
renon^ons a les decrire des maintenant et remettons leur etude 
a plus tard. 


Laboratoire de Chimie organique 
de I'lnstitut Polytechnique tch'eque de Prague 
(Tchecoslovaquie). 

Bibliographic: 

■j Colled ion 1031, 3, 250. 

*) Jo urn. Chcm. Soc. 95, 2194. 



NOTICES PHYTOCHIMIQUES. 

I. SUR LES GLUCIDES DE LA GOMME DE VISCARIA 
VULGARIS (LYCHNIS VISCARIA L.) 

par E. VOTOCEK et F. VALENTIN. 


Beaucoup de gommes vegetales ont deja Ete etudiees, au cours 
des annees, au point de vue de leur composition, notamment celles 
qui presentent de Pinteret soit pour l’industrie, soit pour la medecine. 

Parmi les plantes communes de nos prairies, il en est une dont 
le produit de secretion gluant a echappe jusqu’ici a I’attention des 
chimistes, sans doute parce qu’il ne se forme pas en quantites suffi- 
santes. C’est la Lychnide visqueuse (viscaria vulgaris), appelee vulgaire- 
ment Bourbonnaise, plante fleurissant en juin, et dont la tige prEsente 
de distance en distance, au-dessous des articulations, des bandes de 
matiere gluante. 

Ayant eu l’occasion, le printemps dernier, de recolter une quantite 
un peu considerable de viscaria, nous avons cru interessant d’examiner, 
ne fut-ce que d'une maniere preliminaire, la nature de sa goinme 
caracteristique pour voir si elle appartient aux glucides et, dans le cas 
positif, quels sont les principaux sucres entrant dans sa composition. 

Afin de retirer la matiere gommeuse a la plante, les parties gluantes 
de la tige ont EtE introduites dans de l’eau bouillante, puis epuisees 
par cette eau, se qui fit entrer la gomme en solution aqueuse. Celle-ci 
a ete concentree au bain-marie, dEfEquEe par PacEtate de plomb, 
debarrassee du plomb par I’hydrogene sulfure et ramenEe par Evapo¬ 
ration k l’Etaf sirupeux. 

Le sirop obtenu, jaunatre, donnait une belle coloration violette 
avec P«-naphtol et I’acide sulfurique concentrE, rEduisait sensiblement 
la liqueur cupropotassique, se montrait dextrogyre au polarimEtre. 
Tout cela met en Evidence que la gomme soluble dans l’eau du 
viscaria vulgaris renferme des glucides. 

Pour isoler la gomme, le sirop a etE precipite par Palcool a 96°/ 0 , et 
la masse gluante obtenue a etE debarrassEe de Peau par broyage rEpEtE 
avec de Palcool absolu. On finit par I’obtenir sous forme d’une poudre 
tres hygroscopique qu’il fallait conserver au dessiccateur sulfurique. 
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C’est sur ce produit insoluble dans Palcool que nous avons 
effectu6 la recherche des constituants sucres de la gomme de Viscaria. 

A cet effet, la »gomme« a ete soumise a l’hydrolyse par chauffage, 
dans un bain-marie, pendant 6 heures, avec de l’acide sulfurique 
a 1%. Par ie procgde habituel (elimination de 1’acide sulfurique par 
le carbonate de plomb et du plonib par l’hydrogene sulfure), on 
a fini par obtenir un sirop sucre dont le pouvoir reducteur (determine, 
comme d’ailleurs dans tous les essais suivants, par la methode 
Bertrand), etait environ 3 fois plus fort que pour la matiere gom- 
meuse avant I’hydrolyse sulfurique. Pour eliminer, autant que possible, 
les polyoses £chappes a l’hydrolyse, le sirop a ete precipiie ft chaud 
par un exces d’alcool a 96°/„ bouillant, puis, apres filtration, con¬ 
centre de nouveau a consistance sirupeuse. 

Le pouvoir rotatoire de ce sirop, ramene a la matiere seche 
reductrice (Bertrand), a ete trouve [n]n- -\- 33 - 7". 

Une deuxieme hydrolyse, operee, avec une autre partie de la 
'gomme* initiate, au moyen d’acide sulfurique a 2% (chauffage de 
0 heures) a fourni, apres purification a I’alcool, un sirop dont la matiere 
seche reductrice tournait [«]/, -f 37 3", ce qui concorde suffisamment 
avec le chiffre ci-dessus. 

Sur les sirops sucres obtenus ainsi par liydrolyse divers essais de 
recherche des monoses ont etc effectues: 

L'essai avec 1 mol. d’acetate de phenylhydrazine n'a pas revele 
de mannose, I’exces du reactif a donne, a chaud, une phenylosazone 
jaune qui, purifiee par un lavage a l’acetone, presentait le point de 
fusion de la phenylosazone de glucose (mannose, fructose), c’est-a-dire 
fondait a 208° avec decomposition. 

La recherche du fructose au moyen de la methylphenylhydrazine 
(Neuberg) n’a pas donne de resultat positif bien que la reaction 
eoloree au carbazole, I’acide acetique anhydre et l acide chlorhydrique 
concentre (Votocek)*) ait donne la coloration violette caracteristique 
des cetohexoses. 

*) Voici comment on opere dans cet essai au carbazol, dont je me sers depnis 
des annees pour la recherche des cetohexoses. Un petit peu de carbazol est 
additionne, dans un verre a essai, de 2 cc d’acide acetique anhydre et d’une yjoutte 
d’acide chlorhydrique fumant. On ajoute une goutte de la solution a analyser 
et l’on chauffe le tout pendant 10 minutes dans un bain-marie bouillant. Quand 
la solution sucree renferme au moins l 11 /,, de cetose, le liquide acquiert une colo¬ 
ration cerise, tandis qu’avec les aldohexoses ou les aldopentoses le melange reste 
pratiquement incolore, meine alors que la solution sucree contient plusietirs de 
sucre. - Comme les autres reactions colorees des cetoses celle au carbazol est 
due, elle aussi, it l’oxyinethylfurfurol forme par la deshydratation du cetose. 
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Le sirop donnait, de plus, la reaction coloree rouge cerise des 
pentoses au moyen de la phloroglucine et 1’acide chlorhydrique (To 1- 
iens). Le dosage des pentoses par la methode habituelle de distilla¬ 
tion avec Pacide chlorhydrique a 12% et precipitation du distillat 
par la phloroglucine (Tollens) a revels dans la matiere seche r£- 
ductrice 40-9% de pentoses, d’ou Ton calcule pour les hexoses 591%. 

L’oxydation nitrique du sirop sucre n’a pas donn6 d’acide mucique, 
ce qui exclue la presence de galactose. 

Pour etablir la nature des pentoses du sirop, nous avons fait d’une 
part I’essai k la diphenylhydrazine (Neuberg), d’autre part I’essai 
d’oxydation a l'eau de brome (Bertrand). Dans le premier essai 
nous n’avons pas obtenu la diphenylhydrazone peu soluble caracteris- 
tique de 1’arabinose, alors que par le second nous avons pu reveler 
le xylose sous forme de xyionobromure de cadmium. 

En considerant 1° I’absence de quantites sensibles de mannose, 
de fructose et de galactose, 2" Pobtention d’une phenylosazone peu 
soluble dans Pacetore et fusible a 208°, 3° la presence de xylose, 
on peut conclure a Pexistence du glucose comme constituant hexo- 
sique du sirop a cote du xylose. 

Cette conclusion est corroboree par le pouvoir rotatoire de la 
matiere seche reductrice: Un melange de 59% (/-glucose et de 41% 
(/-xylose exigerait une rotation [a]o-~ -j- 38 - 4°, alors que la valeur 
trouvee etait [«]/, -f 37*3°, ce qui est suffisamment en accord. 

En resume, on peut dire que la partie principale de la gomme 
de Viscaria vulgaris est constituee par un polyose (ou des polyoses) 
a base de J-glucose et de <1-xylose. 

Inst it ut de Cliimie organique 
de I'Ecole Polytechnique tcheque a Prague 
(Tchecoslovaquie). 
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"CHLORAMINE” AS A REAGENT IN VOLUMETRIC 

ANALYSIS 

by O. TOMfCEK and B. SUCHARDA. 


The sodium salt of para-toluene sulphon chloramide, which has 
the structural formula 


OIL. Call a . SO.,N- 


/ 


Nn 


''Cl 


II„0 


comes in the trade in a more or less pure state under the name 
chloramine* or some other registered mark. 

It is obtained as a byproduct in the manufacture of saccharin from 
p-toluene-sulphonic acid 1 ) and is used as a disinfectant and bacteri¬ 
cidal substance or as an oxidizing agent even for industrial pur¬ 
poses-) or finally as an analytical reagent. 8 ) 

In aqueous solutions the chloramine is hydrolysed according to 
the formula 


CH*C t U t . SOstrCINa + 2 ILO f;lI n (\,H i SO,NlL + NuOlI + HOC! 

In these solutions a part of the chlorine contained in chloramine is, 
thus, present as hypochlorite. The solutions show an alkaline re¬ 
action; thus in 1 per cent solution p H is 10 - 05. 4 ) The hydrolysis in¬ 
creases with increasing concentration of hydrogen ions and becomes 
complete in acidified solutions. 

Therefore, aqueous solutions of chloramine are from the chemical 
point of view similar in their behaviour to the aqueous solutions of 
hypochlorites of alkali- or alkaline earth metals. In comparison with the 
latter they possess, however, an essential and important property of 
being more stable. The chloramine — when kept In dry vessels of 
dark glass — is very stable even in the solid state. 

The mechanism of the oxidizing action of chloramine solutions has 
been discussed by several authors. 8 ) 

The use of chloramine for analytical purposes was not till recently 
very frequent. A. Me M i 11 a n and W. Easton 8 ) have carried out some 
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potentiometric determinations of arsenites, tin, sodium antimonyl 
tartrate and ferrous ammonium sulphate; they do not state, however, 
the particulars of the reaction conditions and of the process of 
titration. I. M. Kolthoff and N. H. Furman 7 ) have expressed the 
opinion that chloramine could be used for titrations in neutral or 
moderately alkaline solutions. They mention the possibility of the 
exact titration of iodide ions, stating also the sluggish oxidizing 
action of chloramine on ferrous ions. These facts are based on their 
unpublished experiments which were made with this reagent. In 
other publications dealing with the subject the attention is paid more 
to the possibility of the determination of chloramine itself and of 
its oxidizing capacity than to the use of aqueous solutions of chlo¬ 
ramine as a volumetric reagent. 8 ) 

The aim of the present authors was to investigate the analytic 
behaviour of chloramine. The attention was paid first to the prepa¬ 
ration and stability of the volumetric solutions of chloramine. Then, 
the process of volumetric determination of several oxidizable sub¬ 
stances was followed in detail by means of the potentiometric titra¬ 
tion arrangement. The experimental conditions were varied within 
wide limits, especially those of different hydrogen ion concentrations. 
The experiments were carried out with arsenites, with salts of anti¬ 
mony and tin and their mixtures, and with solutions of ferrous, 
ferrocyanide and iodide ions. 

The solutions and apparatus employed. — The stability 
of volumetric solutions of chiot amine. 

The volumetric solution of chloramine was prepared from chlo- 
ramine-T, C. P. of the firm Heyden. The solutions were made either 
directly from this commercial product, or from a specimen which 
was purified by crystallization from hot aqueous solution and dried 
over concentrated sulphuric acid. The experiments adduced below 
show that there was practically no difference in the behaviour of 
the solutions prepared from both samples. We have used, however, 
mostly the solutions prepared from the recrystallized sample. 

The O'l N solution was prepared by dissolving 14‘1 gr of chlo¬ 
ramine in 1.000 ccs of distilled water. The solution was kept in a 
flask of brown glass with ground stopper. The solution is very 
slightly opalescent and has a very moderate characteristic smell. 

The titre of the solution was determined iodometrically in the 
presence of hydrochloric acid by means of Oi N solution of sodium 
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thiosulphate then by means of 0*1 N solution of sodium arsenite 
according to the modified method by A. Noll*) and finally also 
in the presence of hydrochloric acid according to Gy dry’s method. 10 ) 
All methods have given practically identical results. 

The titre of the solutions prepared was controlled in frequent 
time intervals by the first two methods. Numerous experiments have 
proved that 0'1 N solutions of chloramine when stored in well 
closed dark flasks do not change (within the limits of experimental 
error) for two or three months. 

Examples: Solution No 1 (from recrystallized chloramine) had when con¬ 
trolled iodometrically with 0*1 A' sodium thiosulphate the titre: on the first day 
0*10509, on the third day 0*10599, on the fifth day 0*10599 (titration with A710 
sodium arsenite gave O'10600) and on the seventh day 0*10599. 

Solution No 2 (from recrystallized chloramine) had — when controlled iodo- 
metrically with 0*1 N sodium thiosulphate in presence of hydrochloric acid — the 
titre : on the first day 0*10480, on the fifty-second day 0*10495, on the sixty sixth 
day 0*10500. 

Solution No 3 (from c. p. Heyden’s specimen) when prepared had the titre 
0*10223 (determined iodometrically) and 0*10221 (determined with sodium arsenite 
on the same day). The solution was controlled iodometrically on the eightieth day 
and was found to be 010210-normal. 

Other reagents employed in this work were of a purity sufficient 
for our purpose. Their titre was determined according to the usual 
volumetric methods of known precision. The substances employed, 
namely sodium oxalate, sodium iodate, sodium bromate, potassium 
bichromate, and arsenic trioxide which was used also for the prepa¬ 
ration of arsenite as well as fused sodium chloride, were all of 
well defined composition and of the purity required. Hydrochloric 
acid was redistilled before use. 

The volumetric vessels were calibrated and in the comparative 
experiments the same vessels were employed. 

The usual potentiometric arrangement employed has been already 
described by one of the present authors. 11 ) As an indicating electrode 
served a spiral of platinum wire approximately 1 mm in diameter; 
besides, a thinner wire (0 - 6 mm in diameter, 50 mm long) wound into 
a spiral and sealed in a glass tube with mercury contact was employed 
in some experiments. The solution investigated was connected through 
the saturated potassium chloride bridge with a saturated calomel 
electrode. Solutions were stirred either by a motor driven stirrer or 
in some cases by a stream of purified carbon dioxide. 


r 
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Titration in neutral and alkaline media. 

The above mentioned solutions of the oxidizable substances were 
titrated with Oi JV solutions of chloramine in neutral, alkaline or in 
acid media. Numerous experiments carried out with neutral or slightly 
alkaline solutions have shown that salts of trivalent antimony, bivalent 
tin, ferrous salts, ferrocyanides and iodides could not be titrated with 
chloramine. The direct titration of arsenite in both neutral and alka¬ 
line solutions was equally impossible, as was seen from the process 
of titration when following it potentiometrically. The potential was 
setting in very sluggishly, the rate of oxidation reactions being very 
slow. No improvement was found when reversing the order of titra¬ 
tion, i. e., when chloramine solution was titrated with arsenite. The 
titration of arsenite in moderately alkaline solution (in the presence 
of NaH(!0») was successful only in presence of a little iodide 
which acts as a catalyser. In this case sufficed an addition of 
0'05—(M ccs of the molar potassium iodide solution to 100 ccs of the 
final volume. When following the course of this titration it was ob¬ 
served that the potential does not change appreciably almost to the 
point of inflection; at the inflection point the solution becomes 
coloured with iodine — especially when a little starch solution was 
added — and the potential rises -quickly and distinctly towards 
a constant value. The inflection point coincides practically with the 
result of the visual titration according to Noll’s method; thus our 
results have confirmed the reliability of this method. It has to be 
mentioned that the pu of the titrated solution of arsenite has to be 
made slightly alkaline by adding 3—5 grs of NaHCO s to 100 ccs of 
the solution if it was neutral or acidified. Since the visual titration 
is more rapid and equally exact, its application is preferable to that 
of the potentiometric titration. 


Titration in acid solutions. 

In acid solution all ions mentioned above are easily titrated with 
chloramine solutions. The most advantageous is the titration in the 
presence of hydrochloric acid as follows from the experiments 
described below: 

Arsenites. A. Me Millan and W. Easton (1. c.) state that the 
point of equivalence can be determined by potentiometric titration 
very exactly; they adduce, however, that when titrating the same solu¬ 
tion of arsenite the factor found was: 1-004, 0908, 1006, 1-004. They 
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prepared the solution of arsenite by dissolving arsenic trioxide in 
sodium hydroxide solution, which was then acidified with hydro¬ 
chloric acid; they do not state, however, the amount of hydrochloric 
acid used and do not describe the details of the course of the titra¬ 
tion. In our own experiments it was found that the most suitable 
concentration of hydrochloric acid in the solution titrated is between 
035 and 1*75 normal. After each partial addition of the volumetric 
solution of chloramine the potential of the indicating electrode at first 
rises and then slowly decreases; it is necessary to wait for the 
establishment of a constant potential especially in the region of the equi¬ 
valent point, which lasts on average 3 to 7 minutes. 

When the maximum rate of the change of potential was attained, 
further additions of chloramine produce a rapid increase of the poten¬ 
tial which is set up in a shorter time (approximately in 1 minute). To 
promote the rapid attainment of the constant potential values it is 
advisable to heat the platinum electrode before each titration and to 
stir the solution during the determination. It is advisable to employ 
as the indicating electrode a shorter platinum wire and immerse it 
whole into the titrated solution already at the beginning of experiment. 
The titration is carried out conveniently at room temperature. It is, 
however, more suitable to warm the solution to 55—65° C and to stir 
it (e. g. by a stream of carbon dioxide). This method leads to a more 
rapid setting in of the potential (1—2 minutes). However, even with 
this procedure it is necessary to wait for 3 to 4 minutes between 
each successive addition in order that the potential may acquire its con¬ 
stant value in the region of the inflection point. 

The absolute value of the inflection potential does not change 
very much with the concentration of hydrogen ions in the solution, 
the jump of the potential is, however, greater in more concentrated 
solutions of acid. 

No difference was observed in the behaviour of recrystallised 
chloramine and of the c. p. commercial product. 

Example: 20'00 cex of 0 - 09996 normal arsenite solution was mixed with 
50 ccs of water and titrated with exactly 0*1 A" chloramine in the presence of dif¬ 
ferent amounts of hydrochloric acid (density 1*14). The number of ccs of the chlor¬ 
amine solution employed was in 1'73 N HCl: 19‘93, 19*95; in 0'35 A' HCl: 19'94, 
19'94 and 19'93 ccs. According to these determinations the normality of the arsenite 
solution is: 0-09955, 0*09975, 0'09970, 0'09970 and 0'09965. 

Examples of the course of titration are given in the following 
tables (I, 11) which are representative of the many experiments car¬ 
ried out. 
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Table 1. 

20'C0 ccs of the aqueous solution of 0'09996 N sodium arsenite was titrated 
with exactly 0'1 .V aqueous solution of chloramine (a ccs) in 175 NHCl at 20" C.*) 


a ecu 




-t millivolts 



Art/ A a 

o-o 

446 








19*20 

524 

504 

492 

482 

474 

470 

470 


19*30 

572 

500 

482 

470 

466 

466 



19*40 

589 

516 

487 

475 

470 

468 

466 


19*50 

590 

537 

503 

484 

476 

470 

468 


19*60 

577 

536 

502 

481 

471 

470 

468 


19*70 

596 

535 

492 

474 

468 

466 

466 


19*72* 

595 

537 

487 

467 

467 




19*75 

592 

536 

494 

470 

470 




19*77’ 

611 

554 

518 

492 

482 

478 



19*80 

648 

556 

508 

490 

486 

482 

478 


19*82 r * 

640 

565 

522 

507 

482 

478 



19*85 

592 

550 

495 

486 

480 

477 



19*87* 

614 

454 

470 

460 

455 



40 

19*90 

612 

508 

475 

460 

456 



400 

19*92* 

620 

525 

466 

466 




15.360 

19*95 

714 

754 

791 

809 

818 

836 

842 850 

3.680 

19*97* 

934 

950 

938 

942 

942 



400 

20*00 

952 

952 

952 





160 

20*02* 

956 

956 






160 

20*05 

960 

960 






110 

20*15 . 

971 

971 






45 

20*35 

988 

980 

980 







Inflection point at 19’94 ecu. 

Normality found 0‘09170. 

Our experiments have shown that for visual titration of arsenite 
with chloramine in acid solutions methyl red can be used as an indi¬ 
cator according to Gyory’s method (1. c.). In solutions containing 
normal hydrochloric acid and having a temperature of 30—40° C 
a very small excess of chloramine produces an instantaneous de¬ 
colouration of the added methyl red. The addition of 2 drops of 0 2 
per cent methyl red solution is sufficient for 100 ccs of the solution. 
The results obtained by this method are in good agreement with the 
results of the visual titration of arsenite carried out in alkaline medium 
according to Noll as well as with the results of the potentiometric 
titration of arsenite with chloramine. 


*) The potential value was read immediately after the addition of the titra¬ 
ting reagent and then at 1 minute intervals until the potential had reached a con¬ 
stant value. 
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Table 11. 

20*00 ccs of the aqueous solution of 0*09996 sodium arsenite was titrated 
with exactly 0*1 *V aqueous solution of chloramine (aces) in 0*35 NHCl at 20° C. 


a ccs 




.t millivolts 



Att j A a 

0*00 

4 447 








19*10 

687 

686 

682 

680 

678 

674 

674 


19*20 

669 

667 

665 






19*30 

666 

662 

658 

653 





19*40 

656 

652 

648 

645 





19*45 

648 

645 

639 

632 

630 




19*55 

646 

642 

636 

628 

624 




19*65 

646 

642 

634 

630 

624 




19*70 

640 

632 

627 

620 





19*72' 

636 

634 

630 

622 





19*75 

634 

627 

623 

618 





19*77' 

629 

623 

620 

618 





19*80 

628 

626 

618 

615 





19*82' 

631 

627 

622 

615 





19*85 

627 

622 

621 

615 





19*87" 

637 

631 

626 

620 





19*90 

634 

633 

630 

620 




80 

19*92' 

635 

635 

630 

62 2 




6000 

19*95 

646 

682 

746 

766 

772 

772 


2720 

19*97’ 

806 

825 

835 

840 

840 



1640 

20*00 

845 

838 

852 

881 




1600 

20*02' 

902 

921 

921 





1320 

20*05 

938 

954 

954 





400 

20*07" 

964 

964 






280 

20*10 

971 

971 






90 

20*20 

980 

980 








Inflection at 19*94 ccs . 
Normality found 0*09970. 


Example: 20*00 ccs of 0*10120 normal arsenite solution (equal to 20*24 ccs 
of the exactly 0*1 .V solution) was titrated with exactly 0*1 X chloramine: 

a) in presence of acid sodium carbonate, of a trace of potassium iodide and 
of a little starch solution. Used 20*20 and 20*24 ccs, mean 22 22 ccs, 

b) in acid solution with the addition of methyl red. Used : 20*20 and 20*25 ccs*, 
mean: 20*23 ccs. 

From these determinations the normality of the arsenite was according to a) 
0*10110 and according to b) 0*10115. 

Antimony. For determination of trivalent antimony by potentio- 
metric titration with chloramine the solutions of chemically pure 
antimonous chloride, free of arsenic and tin compounds were used. 
The solutions were acidified with hydrochloric acid and the titre 
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was determined visually according to Gyory (I. c.) and by potentio- 
metric titration with potassium bromate according to E.Zinti and 
H. Wattenberg. 12 ) 

The titration of trivalent antimony with chloramine leads to good 
results when hydrochloric acid solution is used. The concentration 
of acid has no essential influence either on the progress or on the 
result of the titration. Approximately, 1 A r HOI serves the purpose 
the best. It is necessary, however, to work at 55—60° C, because 
at this temperature the potentials reach their final values more rapidly 
than at room temperature. It is advisable to stir the liquid with 
a stream of carbon dioxide. As the indicating electrode the small 
platinum spiral described above was employed. 

At the beginning of titration when only small portions of chlor¬ 
amine are being added the potential at first rapidly increases and 
then slowly returns to lower values. The nearer to the point of equi¬ 
valence the more rapidly occurs the stabilisation of the potential. 
After the point of equivalence has been reached the potential increases 
rapidly and regularly. The total jump in the potential is in this case 
about the same as when titrating arsenite in the same conditions. 

Example: 20 ccs of 0 12860 normal antimonous chloride (— 25*72 cat of 
the exactly 0*1 normal SbCl) was titrated with exactly 0*1 normal chloramine. 
Used: 2571 and 25 75 ccs, mean: 25*73 cos. The normality of the antimonous 
chloride solution as derived from this result is 0*12805. 

For visual titration of trivalent antimony in acid solution methyl 
red can be used as an indicator similarly as it was for titration of 
arsenites. A very small excess of chloramine causes the colour of the 
indicator to disappear instantly at the temperature of 40 to 50° C (the 
addition of 1 or 2 drops of 0'2 per cent methyl red solution suffices 
for 50 to 100 ccs of the liquid). 

Example: 20.00 ccs of O'1286 normal antimonous chloride (=25'72 ccs 
of the exactly 01 A’ SbCl,) was titrated with exactly 0'1 normal chloramine with 
the addition of methylred. Used: 2570, 2575, 2573, 2578 and 2574 ccs ; mean: 
2574. The normality of the antimonous chloride solution as derived from this 
result is O'12870. 

By keeping to the adduced conditions antimonous chloride can be 
exactly titrated with chloramine potentiometrically as well as visually. 
A comparison of the process of titration of trivalent antimony with 
bromate and chloramine shows that the setting in of the potential 
especially in the region of the equivalence point is more rapid when 
chloramine is employed. The course of the visual titration is with 
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both these reagents practically the same and the disappearance of the 
indicator colour is in both cases equally sharp. 

Tin. The compounds of bivalent tin can be determined potentio- 
metrically with equal precision. In the experiments described above 
the agitation of the solutions by a stream of carbon dioxide was 
advantageous for thorough mixing of the solutions. When titrating the 
solutions of stannous salts the use of the carbon dioxide is indispen¬ 
sable because stannous compounds are easily oxidizable. 

For experiments a solution of stannous chloride was employed 
prepared from chemically pure specimen free from other heavy metals. 
The titre of the solution was determined by potentiometric titration 
with bromate. 

Numerous experiments have shown that the concentration of 
hydrochloric acid has no great influence upon the results (normal 
concentration of the acid may be recommended). On the other hand 
the temperature exerts an appreciable influence. The setting in of 
the potential during the titration at room temperature is extraordinarly 
slow, whereas at 55—65° C the final potential values are attained 
rapidly (especially near the equivalence point). The indicating electrode 
should be a small platinum spiral and has to be entirely submerged 
in the solution. In these conditions (temperature of 55—65° C; 
atmosphere of carbon dioxide, guarded against oxidation) the results 
of potentiometric titration are quite satisfactory. An example of the 
process of titration is given in table ill. 

Stannous chloride cannot be determined exactly by means of 
visual titration using methyl red as an indicator. In this respect stannous 
chloride differs from the compounds of trivalent arsenic and antimony. 
The visual titration of stannous chloride with bromate is equally 
unsatisfactory, although some authors claim to have attained good 
results. 

Example. 20'00 ccs of stannous chloride solution (equal to 13‘44 ccs of 
0'1 y SnCL) were titrated with exactly O'l .V chloramine. Used: 13'40,13'42, 13’40, 
13’48, 13'46 ccs; mean: 13'43 ccs. 

Titration of arsenic in mixtures with antimony and tin. Since the 
inflection potentials observed — when titrating the compounds of 
trivalent arsenic and antimony separately with chloramine — are not 
very distant, it is clear that a stepwise titration of a mixture of these 
substances cannot be carried out. When titrating the mixture of 
arsenite and antimonous chloride only one inflection is observed: 
the amount of chloramine used to reach this point equals to the sum 
of the ccs of the reagent required for titrating these substances sepa- 
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rately. The titration of a mixture of arsenites and stannous chloride 
cannot be carried out owing to the complications due to the chemical 
character of these substances. 


Table III. 

20 ecs of the aqueous solution of stannous chloride (equal to 13*44 ecs of 
Oi V SnCl 2 ) were titrated with exactly 0*1 N aqueous solution of chloramine 
(a ecs) in the presence of X hydrochloric acid at a temperature of 55—65" C 
in a continuous stream of carbon dioxide. 


a ecs 


0*00 

+ 34 

5*00 

12 

11*00 

20 

12*00 

30 

12*50 

33 

13*00 

42 

13*40 

56 

13*42* 

60 

13*45 

74 

13*47- 

258 

13*50 

532 

13*52' 

674 

13*57 

764 

13 67* 

874 

1470 

1008 


* millivolts 


7 

30 

26 

25 

40 

55 

60 

74 


357 

458 

473 

596 

604 


690 

682 


775 

776 

770 

886 

886 


1008 

1008 



It/ <4 a 


200 

560 

15960 

5240 

3120 

1760 

1160 

122 


Inflection at 13*46. 

Example. A mixture of 10*12 cat of exactly 0T norm, arsenite with 12*88 ecs 
of 0*1 norm, antimonous chloride in the presence of noimal hydrochloric acid 
required 23*10 and 23T4 ecs, mean 23*12 ces of exactly 0*1 normal chloramine. 
The same amount of initial solutions when titrated visually with exactly 0*1 norm, 
potassium bromate required 23*00, 22*90 ecs., mean 22*95 ecs . 

Ferrous ions . A solution of ferrous chloride, free from other heavy 
metals, was used for experiments. The titre of the solution was de¬ 
termined by visual titration with potassium permanganate according to 
the method of Reinhard-Zimmermann as described in the book 
by I. M. Kolthoff 18 ) and also by potentiometric titration with potas¬ 
sium bichromate. Experiments were made also with a solution of 
pure ferrous ammonium sulphate, the concentration of this solution 
being similarly determined. 

In this case it was found again that the titration with chloramine 
can be carried out only in the presence of hydrochloric acid. It is 
suitable to titrate at room temperature and to stir the solution with 
a stream of pure carbon dioxide. The greater the concentration of 
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hydrochloric acid, the more rapidly the potential reaches its final 
value and the larger is the potential jump at the inflection point. 
The practicable concentration of hydrochloric acid was found to be 
within limits of from 2 to 3 normal acid. The solutions acidified with 
sulphuric acid could not be titrated at all. A great concentration 
of sulphate ions hinders the titration. 

Examples. A. Ferrous chloride. 20 - 00 ecu of O'10360 N FeCl. (2072 ccs of O'l AT 
FeCl.) diluted with 50 cat of water in the presence of 0'9 A 7 ,2’4 A', 2*9 A - , 3’4 .V, 4"9 A r 
hydrochloric acid required 21 01, 2071, 2073, 2075 and 20‘89 ecs of exactly 07 .V 
chloramine respectively. The normality of the solution derived from these deter¬ 
minations was: 070505, 070355, 070365, 070375, 070445. 

B. Ammonium ferro-sulphatc. 20 - 00 ccs of 0-095530 A’ solution of Mohr's salt 
(—19"06 ccs of O'l .V (NH t ),S0,. FeSO .611.0) on titration with exactly 07 A’ 
chloramine in the presence of 2'9 N HCt, required 1970 ccs (the solution of re- 
crystallised chloramine) and 19'01 ccs (the solution of commercial product). 

The visual titration of ferrous ions using methyl red as indicator 
is not possible. 

Ferrocyanide ion. A solution of pure potassium ferrocyanide used 
in experiments was standardised by potentiometric titration with 
potassium permanganate following the prescriptions given by I. M. 
Kolthoff and N. H. Furman. 14 ) Ferrocyanide ions also can be 
exactly titrated potentiometrically at room temperature. The solution 
has to be stirred (e. g. with a stream of carbon dioxide) and should 
contain hydrochloric acid, suitably of normal concentration. In these 
conditions the course of the titration is sufficiently rapid and the 
potential sets in near the inflection point in about 5 minutes. In the 
presence of greater concentration of hydrochloric acid the final po¬ 
tentials are attained more quickly, the inflection point is, however, 
displaced towards higher values. Visual titration in the presence of 
methyl red as was possible with arsenites and antimonous chloride, 
cannot be carried out. 

Example. 20 , 00 ccs of the 0"09960 X potassium ferro-cyanide (= 19'92 ccs 
of 07 N K,Fe(U.\) t ) required in 1 N 7/67:19-98, 19'98 ccs and in 2‘9 X HOI : 
20'35 and 20-38 ccs of exactly 0"1 norm, chloramine. The normality of the solution 
derived from these determinations was: 0"09990, 070175 and 070190. 

The experience gained during the investigation of the titration 
course of ferrous salts with chloramine leads to the supposition 
that the difficulties pointed out by Kolthoff and Furman 15 ) are 
probably due to the concentration and to the kind of the acid used. 

Iodide ions. As already mentioned above the iodometric method for 
the determination of »active« chlorine is employed for analysis of 
chloramine and of its solutions. The oxidation of iodide with chlor¬ 
amine to iodine proceeds quantitatively. 
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Example. 20'00 ccs of 0*09995 molar potassium iodide was titrated with 
exactly 0*1 X chloramine in the presence of hydrochloric acid of varying con¬ 
centration: thus, in 0*35 N HCl used: 19‘98, 19*97 and 20'01 ccs, mean 19*98 ccs; 
in 0*5 .V HCl used 20*02, 20*01 and 19*98 ccs, mean 20*00 ccs. The molarity of 
the potassium iodide solution was 0*0999 and 0*1000. 

The titre of fhe potassium iodide solution used in our experi¬ 
ments was determined by potentiometric titration with 0*1 N silver 
nitrate which was standardized by chemically pure, fused sodium 
chloride. It was found that potassium iodide solutions can be titra¬ 
ted with high precision potentiometrically with chloramine in the 
presence of hydrochloric acid at room temperature. The concentra¬ 
tion of hydrochloric acid has not in this case such a great influence 
as was the case with other substances. The concentration of hydro¬ 
chloric acid may be suitably chosen as 0*5 normal (calculated for 
the final volume of the liquid). The setting up of the potential is 
in this case almost instantaneous and the maximum of inflection though 
not very considerable is very sharply defined. Potassium iodide solu¬ 
tions acidified with sulphuric acid cannot be titrated with chloramine. 

An example of the potentiometric titration of a solution of po¬ 
tassium iodide with 0*1 normal chloramine solution is adduced in 
table IV. 

Table IV. 

20 00 ccs of the aqueous 0*09995 normal potassium iodide solution was titrated 
with exactly 0*1 N chloramine (a ccs) in the presence of 0*35 A' HCl at room 
temperature. 


a ccs 

n millivolts 

‘I.t/ 1 i.l 

000 

+ 257 


18*00 

495 


19*00 

500 


19*50 

514 


19*70 

529 


19*75 

534 


19*80 

540 

120 

19*85 

549 

180 

19*99 

562 

260 

19*92* 

572 

400 

19*95 

588 

640 

19*97 

613 

1000 

20*00 

640 

1080 

20*02* 

657 

680 

20*05 

665 

20 

2010 

678 

260 

20*15 

688 

200 

20*25 

702 

140 

20*35 

715 



Inflection at 19*98 ccs. — Normality found 0*09990. 
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Su m mary. 

The possibility of the use of sodium paratoluene-sulphon chlo- 
ramide (»chloramine«) as volumetric reagent was investigated. It 
was found that: 

1. The aqueous solution of chloramine in OM N concentration is 
a very stable volumetric solution which when kept in dark glass 
vessels does not appreciably change its titre for at least three 
months. 

2. The course of titration of different oxidizable substances was 
studied by means of a potentiometric arrangement. It was esta¬ 
blished that chloramine is not suitable for titration in neutral or 
slightly alkaline solutions; its use is, however, very advantageous in 
solutions acidified with hydrochloric acid. 

3. It is possible to titrate potentiometricaliy with chloramine in the 
conditions stated in the paper the compounds of trivalent arsenic 
and antimony, stannous and ferrous salts, also ferrocyanides 
and iodide ions. 

4. It is possible to titrate with chloramine visually — in the condi¬ 
tions stated in the paper — solutions of trivalent arsenic and 
antimony, using methyl red as an indicator. 

b. The most suitable substance for standardization of chloramine 
solutions is arsenic trioxide. For this purpose any of the methods 
described in this paper can be employed. The volumetric solution 
of chloramine can be standardized indirectly with any iodometric 
standard and also with silver or fused sodium chloride. 

Received May 11th , 1932. 

The Institute of Analytical Chemistry 
Charles' University, Prague. 
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Etude sur le DOSAGE PONDERAL DU SELENIUM dans 
LES COMPOSES SElENIEUX AU MOYEN DE L’HYDRAZINE 

ET DE SES SELS 

par V. HOVORKA. 


Lors du dosage ponderal du selenium dans les composes sele- 
nieux il s’agit d’une maniere generate d’une reduction par un agent 
rSducteur approprie, apres quoi le selenium cristallin separe est pese. 
Parmi les nombreux reducteurs preconises & cet effet*) la pratique 
analytique a adopte principalement les deux suivants: 1’acide sul- 
fureux et I’hydrazine sous forme de ses composes, notamment le 
sulfate et l’hydrate. 

La reduction de l’acide selenieux par I’acide sulfureux, signalee 
deja par Berzelius, est mise a profit dans la methode de Frese- 
nius. 1 ) Le dit reducteur est le plus employe dans la gravimetrie 
du selenium, bien que la reduction qu’il effectue ne soit pas toujours 
complete et depende de la concentration de$ corps r6agissants, du degre 
d’acidulation par l’acide chlorhydrique et exige 1’absence de 1’acide 
azotique [W. D. Treadwell 2 )]. 

Plus facilement et dans certains cas (en presence d’acide azotique 
par exemple) plus completement le selenium se laisse sgparer par 
I’hydrate ou le sulfate d’hydrazine, ce qui gagne en importance par 
le fait que ces agents reduisent meme les composes du senium 
hexavalent, qui ne subissent pas la reduction par I’acide sulfureux. 

Le sulfate d’hydrazine a ete recommande pour la reduction de 
I’acide selenieux en milieu acide pour la premiere fois par P. Jannasch 
et M. Muller. 3 ) Us effectuent cette reduction (des quantity r£pondant 
a 0 4 gr environ de Sc) par un exces de sulfate d’hydrazine (20 gr) 
en milieu acidule faiblement par HCl. J. Meyer 4 ) opere dans les 
mfcmes conditions mais indique 1—2 gr de sulfate d’hydrazine 

*) Par exemple 1’acide iodhydrique (Peirce 1896), le chlorhydrate d’hydro- 
xylamine (Jannasch et Muller 1898) qui trouve son emploi dans la separation 
du selenium d’avec le tellure. L’acide hypophosphoreux (Outbier et Rohn 1902), 
l’acide phosphoreux (Outbier 1904). 
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comme consommalion ndcessaire pour reduire 0‘06—0'54 gr de Sc. 
A.Outbier, O. Metzner et J. Lohmann 5 ) recommandent d’acidu- 
ler par 3—5 cc d 'HCl concentre (dans un volume de 10 & 30 cc) et 
emploient it la reduction la quantite decuple d’agent reducteur. W. 
D. Treadwell (1. c.) opere en solution faiblement acidulee par HCl 
et ne se sert que d’un faible exc£s de reducteur. V. Lenher et 
C. H. Kao,«) dans la separation du selenium d’avec le tellure, r£- 
duisent l’acide selenieux par le sulfate d’hydrazine en milieu aciduie 
par l’acide tartrique. K. Wagenmann et H. Triebel, 7 ) en etudiant 
la separation du selenium d’avec le cuivre, se servent, pour reduire 
I’acide selenieux, de 20 gr de reducteur en milieu faiblement aciduie 
par HCl. Enfin, E. Benesch et E. Erdheim 8 ) preconisent, pour 
reduire de 01 k 0*15 gr de Sc, I’addition de 5 cc d’acide chlorhydrique 
concentre, dans un volume de 400 cc, et de 30 gr de sulfate d’hydrazine. 

Le chlorhydrate d’hydrazine a ete utilise pour la reduction de 
I’acide selenieux en milieu acide (HCl) par P. Jannasch et ses 
collaborateurs (I. c.), puis par A. Outbier et son ecole (1. c.), plus 
recemment par E. Benesch et E. Erdheim (I. c.). Toutefois, cet 
agent reducteur a trouve dans la pratique analytique un accueil moins 
favorable que le sulfate d’hydrazine, parce que la reduction est plus 
lente qu’avec le sulfate. 

L’hydrate d’hydrazine a ete employe pour la reduction de I’acide 
selenieux en milieu alcalin pour la premiere fois par A. Outbier 
et ses eieves (1. c.), et cela & la proportion de 30 cc d une solu¬ 
tion & 20% pour 0 3 & 0'5 gr de Se0 2 • Pour la reduction en milieu 
acide, du a 1’acide reduit, cet agent reducteur est recommande par 
J. Meyer 9 ) qui se sert de l’hydrate d’hydrazine encore en milieu 
faiblement aciduie par HCl. 10 ) Outre Ies auteurs signals c’est encore 
W. D.Treadwell qui preconisel’emploide l’hydrated’hydrazine(1.c.). 

En ce qui concerne leur execution, tous ces precedes, a l’ex- 
ception de celui de J. Meyer, sont identiques en principe: La solution 
d’acide selenieux (ou de selenite alcalin) est acidulee par HCl et 
additionnee de l’agent reducteur. Le melange est chauffe et maintenu 
en ebullition jusqu’fk ce que la totalite du selenium se soit separee 
& 1’etat de la forme cristallisee gris noir. J. M e y e r precede comme suit: 

A la solution acidulee il ajoute, dans un appareil special, par 
petites doses, une solution h 10% d’hydrate d’hydrazine jusqu’& ce 
qu’une nouvelle addition ne separe plus de precipite rouge de sele¬ 
nium amorphe. Dans le cas oti la liqueur initiale renferme & cdte 
de l’acide selenieux l’acide azotique, il faut que la solution soit prea- 
lablement neutralisee i 1’ammoniaque (J. Meyer). Apres cela, on 


2 
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procede de la maniere habituelle avec cette difference que ia dose 
de sel d’hydrazine doit etre augments parce qu’il y a oxydation de 
N z H 4 par I’acide azotique. Le selenium gris noir sdpare est recueilli 
dans un creuset Gooch, Iav6 k l’eau chaude, k 1’alcool, £ventuellement 
encore k l’ether, puis sech£ et pes£. 

Lors de la reduction de I’acide seienieux par 1’hydrate d’hydrazine 
en milieu alcalin suivant A. Gutbier et ses collaborateurs, le melange 
reactionnel est chauffe, en capsule de porcelaine, d’abord au bain- 
marie, puis au carton d’amiante. 

De tout ce qu’on vient de dire il ressort que la reduction de l’acide 
seienieux se laisse effectuer en milieu soit acide soit alcalin.*) 

La reduction de l’acide seienieux par I’hydrate d’hydrazine en milieu 
alcalin, au moins dans la forme signaiee par A. Gutbier et ses colla¬ 
borateurs, n’a pas d’interet pour la chimie analytique, parce qu’elle 
est incomplete. Le defaut du procede consiste dans le fait que le sele¬ 
nium forme par la reduction se dissout sous l’influence des ions 
oxhydryles |J. Meyer, 11 ) V. Calcagni, 12 ) B. Ormont, 18 )] et qu’une 
partie en reste toujours en solution, notamment k l’etat de seie- 
niure. La cause de ces pertes a d£j& ete prevue par J. Meyer (1. c.) 
qui I’etablit plus tard en employant dans ses essais un grand exces 
d’hydrate d’hydrazine. II mit au point l’emploi de ce reducteur (en dose 
il est vrai bien inferieure & celle d’A. Gutbier), en milieu alcalin, de 
maniere ^ aciduler le melange reactionnel, £ la fin de la reduction, 
faiblement par I’acide chlorhydrique. 

Toutefois, pas meme en milieu acide, ainsi qu’on peut s’en assu¬ 
rer, la reduction de I’acide seienieux par les composes d’hydrazine 
ne s’effectue sans reactions secondaires. Si, en effet, pn fait bouillir un 
melange acidulS de solutions d ’H z SeO a et de sel hydrazinique ou d’hy¬ 
drate d’hydrazine, on peut toujours constater un d£gagement d’hydro- 
gene s£lenie.**) (Si 1’on opere sur des solutions concentres, on sent 
l’odeur de l’hydrogene s£16ni6 d£jk a froid.) La reaction se laisse expli- 
quer par une reduction du s£16nium sous I’action de 1’hydrazine 
suivant le schema: 

N z H t . H z S0 4 + 2 Se =s= N z + 2 H z Se + H z SO t . 

*) En milieu neutre elle s’effectue d’ailleurs aussi. Elle a 6te etudiee et utilisee par 
W. StreckeretL. Schartow (14)dans le dosage volum£triquede l’acide seienieux. 

**) On rencontre la formation de Il 2 Se encore lors de la reduction de I’acide 
seienieux par des reducteurs autres que les sels hydraziniques, comme par exem- 
ple par le chlorure stanneux, l'hydrogene naissant, le zinc et le magnesium en milieu 
acide, le chlorhydrate de semicarbazide ou de semioxamazide, l’acide hypophos- 
phoreux (deja a froid), I’hydrosulfite, la rongalite. 
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Dans cette reaction le sEIEnium se comporte de maniere analogue 
a l’iode: 

N 2 H 4 . H 2 S0 4 + 2 / 2 = iV 2 + 4 HI + H 2 SO t . 

La formation de I’hydrogene seleniE se laisse constater, outre par 
I’odorat, des deux manieres suivantes: 

a) qualitativement: Les vapeurs degagees par I’ebullition du melange 
reactionnel sont dirigEes sur un papier humects d’une solution dilute 
de perchlorate ou d'acEtate de plomb; il y a noircissement (ou brunis- 
sement) par PbSe. 

b) quantitativement: Le melange de H 2 SeO s , N. 2 H A .H 2 0 et HCl 
(ou II s P0 4 ou encore UCW A ) est additionnE d’une faible dose de sel 
de plomb, puis maintenu en Ebullition jusqu’k ce que la solution au- 
dessus du precipite devienne claire. Si, apres lavage et dessiccation, 
on pEse le sEIEnium formE par ia rEduction, on constate que le rende- 
ment en est supErieur*) au rendement theorique ou a celui qui cor¬ 
respond k I’essai parallele fait sans sel de plomb. Le prEcipitE ren- 
ferme done du plomb. La presence de plomb dans le prEcipite (pro- 
venant de ptusieurs essais) se laisse constater de la faqon habituelle 
(SOt” ou /S’") apres dissolution dans HNO a , Elimination de H 2 $eO s 
par calcination modErEe et redissolution du rEsidu dans HNO s . 

On voit par Ik que le dosage du sEIEnium par rEduction hydra- 
zinique est accompagnE de rEactions nuisibles et de pertes. 

Les chiffres trop bas dans ces reductions ont dEja Ete signalEs par 
J. Meyer (1. c.), mais cet auteur supposa que les pertes de sEIEnium 
avaient une cause mEcanique due k I’entrafnement du selEnium par 
I’azote qui se dEgage du liquide.**) L’auteur Etudia, en effet, encore 
si lors de la rEduction de H 2 SeO s par N 2 H 4 . lf 2 0 en milieu non aci- 
dulE il y a dEgagement d’hydrogene sEleniE. Pour cela, il conduisait 
les vapeurs dEgagEes par le mElange rEactionnel dans une solution 
d’acEtate de plomb. Toutefois, il n’a pu dEceler de H a Se de cette 
manifere. 

L’appareil construit par P. J annasch en vue de capter le sEIEnium 
entrainE n’a pas trouvE d’accueil favorable dans la pratique. Dans 
son dispositif les vapeurs se heurtent contre une surface sphEro'idale 
k iaquelle une partie du selEnium entrainE est captEe, puis entrent 

*) Pour HCIO, ce surplus est le plus faible. 

**) La supposition que le sEIEnium pourrait se volatiliser a etE Emise par 
P. Jannasch et W. Heimann. Pour Eviter les pertes de sEIEnium, ces auteurs 
se servaient d’un rEfrigErant et dirigeaient les vapeurs dans une solution ammonia- 
cale d’eau oxygEnEe. Leurs essais ont montrE que le sEIEnium ne se volatilise pas. 

2 * 
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dans un laveur retenant le reste. II se peut toutefois qu’une partie 
du selenium ainsi retenu soit due & une reaction secondaire, c’est- 
a-dire au dedoublement de Phydrogene seleni^ par la chaleur. D’autres 
auteurs [A. Gutbier et E. Engeroff, 15 ) comme aussi W. D. Tread¬ 
well (I. c.)] evitent I'emploi du dit appareil en m6langeant les corps 
reagissants ( H 2 SeO a , 1IGI et N 2 H i . H z O ou A' 2 Z/ 4 . lI 2 SO t ) k froid et 
ne chauffent le melange a l’ebullition qu’apres. En effet, si l’on procede 
ainsi, le degagement d’azote n’est pas si tumultueux que celui qu’on 
observe dans le procede de Meyer ou l’hydrate d’hydrazine est 
ajoute par petites portions k la solution acidulee de H 2 SeO a , ce qui 
provoque une reduction violente. 

La formation de Phydrogene selenie dans la reduction de 1’acide 
seienieux par les composes hydraziniques, les pertes mecaniques de 
selenium lors de son dosage et, enfin, la divergence des opinions 
sur l’acidulation des melanges reactionnels et la proportion d’agent 
r£ducteur & employer, voilii autant de raisons pour reprendre l’etude 
de la reduction & I’hydrazine en vue d’elaborer un procede plus exact. 

Le but du present travail etait d’eviter ou au moins diminuer, d’une 
part, la formation de Phydrogene sglenie, d’autre part, les pertes me¬ 
caniques. Ayant etudie de plus pres la reaction entre Pacide selenieux et 
les sels d’hydrazine, j’ai pu constater qu’en milieu acide la reduction 
de II. 2 Se0 8 pousse toujours jusqu’a H.Se sans qu’on puisse I’eviter. 
La proportion d’hydrogene selenie ne se laisse que rabaisser, et cela 
si l’on n’opere qu’avec un faible exces d’agent reducteur et en solu¬ 
tion faiblement acide, diluee, le mieux en employant un acide orga- 
nique non volatil. Parmi les acides etudies dans cette direction c’est 
le citrique qui convient le mieux. En effet, avec lui les valeurs obtenues 
pour le selenium sont les plus proches de celles trouv6es par la 
reduction au moyen de Pacide sulfureux. L’emploi de I’acide citrique 
prSsente en outre Pavantage de rabaisser Paction nocive des grands 
exces de ZV 2 // 4 . HJ) qui, eux encore, favorisent la formation de 
Phydrogene selenie. 

J’ai observe, de plus, que la proportion de II 2 Se degage atteint 
son maximum lorsqu’on est en presence de selenium rouge 
(amorphe), que la temperature du melange s’approche du point 
d’ebullition et qu’il y ait fort degagement d’azote. En presence de la 
forme gris noir de selenium il se degage beaucoup moins de H t 8e; 
encore suis-je enclin a supposer que cet H z Se est dfi aux restes 
de selenium rouge souillant la forme gris noir. Je n’ai d’ailleurs pu 
constater la formation de Phydrogene seienie que dans la reduction 
de i’acide seienieux, c’est-Zt-dire dans les cas oil le sel d’hydrazine 
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rencontre, en milieu acide, du selenium fraichement reduit ou naissant. 
Le selenium gris noir, de meme que le produit s6ch6 (& 105°), ne 
donne pas de H$Se par traitement aux sels d’hydrazine en liqueur 
acide. 

Parmi les sels et autres composes d'hydrazine recommandes dans 
la literature a la eduction de I’acide sSlenieux en liqueur acide, c’est 
l’hydrate qui donne les meilleurs resultats. Le chlorhydrate, lui, ne 
reduit que lentement, alors que le sulfate, toutes choses £gales d’ail- 
leurs, favorise la formation de l’hydrogene selenie. 

Jusqu’& un certain degr£, cette derniere depend aussi de la proportion 
de I’agent reducteur mis en oeuvre. C’est done & juste titre que J. M ey er 
et W. D. Treadwell recommandent de n’operer la reduction 
qu’avec un faible exces d’hydrate d’hydrazine. Pour que j’£limine, au 
moins partiellement, I’action nuisible de cet exces, encore qu’il soit 
faible, je r^duis l’acide s£lenieux par N»II 4 . HJ) en les faisant bouillir, 
pendant un temps court, en milieu faiblement alcalin ou meme presque 
neutre (obtenu par addition de N« 7/ 4 . 1LO k la solution d’acide 
s£lenieux ou d’un selenite alcalin). Dans le dit milieu, en effet, la 
majeure partie du selenium se separe 4 1’dtat brun, colloidal, avec 
consommation de presque tout l’agent reducteur. Lorsque le melange 
chaud est acidule par l’acide citrique, il s'accomplit une transformation 
rapide du selenium colloidal en la forme rouge qui, k son tour, passe 
a l’etat de la forme gris noir. Le reste de I’agent reducteur ne saurait 
plus provoquer la formation de H.,Sc en proportion telle que c’est le cas 
lorsque la totalite de l’agent reducteur est introduite dans la solution 
froide et acidul£e d’acide selenieux avec chauffage ulterieur S l’ebul- 
lition. Dans le procede signal^ anterieurement, lorsque certaines con¬ 
ditions se trouver.t remplies, les resultats obtenus pour le selenium 
sont en effet un peu plus hauts que ceux obtenus par la reduction 
habituelle en liqueur acide. D’une fa<;on generate, on peut dire qu’il 
vaut mieux d’op£rer avec des solutions £tendues, parce que pour les 
concentrees (et fortement acidulees), encore que la precipitation du 
s616nium soit plus rapide, la formation d’hydrogene s616ni£ se fait 
constamment sentir plus nettement que pour les solutions dilu6es et 
faiblement acides. 

J’ai, de plus, essaye de rabaisser la formation de I’hydrogene selenie 
en employant pour la reduction un deriv6 hydrazinique Iiberant 
le reducteur proprement dit, e’est-a-dire l’hydrazine, seulement pen¬ 
dant le chauffage successif du melange reactionnel. Ce d6riv6 6tait 
consti»u6 par le chlorhydrate de semicarbazide. Avec ce corps les 
chiffres obtenus pour le s616nium sont plus elev£s qu’avec l’hydrate 
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d'hydrazine et HCl, par contre inferieurs 4 ceux qu'on -trouve en 
se servant de N 2 H 4 . 1I 2 0 et l’acide citrique. 

Les pertes mecaniques Iors du dosage par reduction k l’hydrazine 
sont de deux sortes: d’une part, elles sont dues k l’entralnement du 
selenium par 1’azote qui se degage, d’autre part, Ik la formation d’un 
depot de selenium rouge (amorphe) aux parois du vase et qu’on ne 
peut enlever que difficilement. 

Les pertes mecaniques de la premiere sorte se laissent £viter si 
on laisse la partie principal de la reduction (qui se manifeste par 
un d£gagement d’azote) s’effectuer non pas It l’ebullition mais seule- 
ment Ik temperature un peu elev^e. Les dits depdts de selenium rouge 
prennent naissance si le melange est chauffe fortement des le debut 
(surchauffe des parois) sans agitation suffisante. Lors de l’emploi 
des acides mineraux ces dep6ts apparaissent plus frequemment qu’avec 
les acides organiques, ce qu’on pourrait expliquer par une reduction 
plus rapide dans le premier cas. 

Partie experimental. 

Mes essais etaient effectues avec des solutions d’acide seienieux 
preparees, d’une part, a partir de I’anhydride seienieux pur resublime 
(Merck), d’autre part, au moyen de selenium refondu (Kahlbaum) par 
dissolution dans l’acide azotique. Pour 1 litre je prenais de 7 kSgr 
environ d’anhydride. Outre cela, je dosais le pourcentage de selenium 
dans deux echantillons de selenite de sodium (Merck). 

Pour acidifier les solutions, je me servais d’acides environ N/ 1; 
la concentration de 1’acide azotique etait egalement environ N/ 1. 

L’hydrate d’hydrazine (Merck, Kahlbaum) etait employe en solu¬ 
tion de 10%, ainsi que cela avait deja ete recommande par J. Meyer. 

Le selenium separe etait filtre en creusets de porcelaine k 
disque poreux qui rendent d’excellents services. II permettent une 
filtration rapide et parfaite si Ton evite de filtrer des liquides ren- 
fermant du selenium rouge, amorphe. Ce dernier passe en effet en 
faible proportion et bouche le fond du creuset. Pour eiiminer le 
selenium des creusets ayant dejlk servi on les lave k I’acide azotique 
dilue chaud. 

En vue de verifier les resultats obtenus par mon nouveau pro- 
cede, je dosais le selenium encore par reduction Ik 1’acide sulfureux, 
au sulfate d’hydrazine (Jannasch-Treadwell) et 4 I’hydrate d’hy¬ 
drazine (Meyer-Treadwell). 
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Influence des divers acides sur la reduction de H 2 SeO H 
par I’hydrate d’hydrazine et sur la sedimentation 
du selenium forme. 

Dans la reduction a I’hydrazine des solutions d’acide seienieux on 
peut distinguer, en principe, deux processus simultan£s: 

a) la reduction de SeO a " en Se, accompagnee de la reaction nuisible 
(formation de H»Se) et des pertes mecaniques mentionndes plus haut, 

b) la transformation du selenium colloidal en la forme rouge 
d’abord puis cristalline gris noir. 

La sedimentation (coagulation) du selenium colloidal depend de la 
temperature du melange reactionnel, de la proportion de 1’agent re* 
ducteur employe, de l’acidite (plus generalement de la proportion d’ions 
presents) et, enfin, de la nature de I’acide employe pour l’acidification. 

Lors des experiences effectuees k la temperature du laboratoire, 
le volume etait de 200 cc, l’acidification etait operee par 25 cc d’acide 
N/ 1, la quantite d’acide seienieux correspondait a environ 0i2^rde 
Sr, la dose d’hydrale d’hydrazine etait de 1 cc de solution a 10°./ 0 . 
Dans ces conditions je comparais I’effet produit sur la reduction de 
IL.SeO & et la sedimentation du selenium colloidal par Ies acides sui- 
vants: chlorhydrique, perchlorique, sulfurique, phosphorique, phos- 
phoreux, formique, acetique, tartrique, citrique. J’ai pu constater que 
les acides mineraux determinent une reduction de I’acide seienieux 
et une sedimentation plus rapides que Ies acides organiques. En pre¬ 
sence d’acides mineraux on voit apparaitre, au cours d’une quinzaine 
de jours, du selenium amorphe couleur rouge carmin (chez IICl, 
IICIO 4 et lhSO A la nuance est plus foncee que pour // t P0 4 et H„P0 B ), 
en presence d’acides organiques sa couleur est rouge cinabre.*) 

Aux temperatures eievees la separation du selenium colloidal 
et sa sedimentation s’effectuent evidemment bien plus rapidement 
qu’& la temperature ordinaire. 

En ce qui concerne la reduction de l’acide seienieux en selenium 
et la formation de I’hydrogene seienie, voici ce que j’ai observe: 

Le premier stade de la reduction par les sels hydraziniques en 
milieu acide se manifeste par la formation d’un trouble blanc jaunatre 
qui se transforme en un precipite successivement jaune, orange jusqu’4 
rouge cinabre ou rouge carmin. Lorsqu’on chauffe le melange, des 
changements ulterieurs ont lieu: le precipite amorphe rouge carmin 
devient violet fonce et finit par donner un produit cristallin gris noir. 

*) Au bout de 2 a 3 semaines cette forme rouge cinabre passe,, elle aussi, 
lentement & P<tat rouge carmin. 
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Lors de ces transformations (ayant lieu vers 90°) il y a, ici encore, 
degagement d’une quantite considerable d’azote et echappement 
d’hydrogene s£l£nie. La formation de ce dernier atteint son maximum 
(4 en juger par la coloration produite sur des papiers It Pb(Cl0 4 ) 2 *) 
et les dosages signals plus bas) en presence d’acide chlorhydrique et 
d’autres acides mineraux. Elle est moins accusee en presence d'acides 
organiques, le moins marquee avec les acides citrique et acetique.**) 
Si Ton prend en consideration les constantes de dissociation des 
acides mis en oeuvre (excepte H a PO n , UC0 2 li et CH 3 C0 2 H), on peut 
dire que la quantite de II 2 Se forme et la vitesse de sedimentation 
sont sensiblement proportionnels k la force de ces acides. 

Pour la pratique analytique, les seuls parmi les acides organiques 
qui presentent de l’interet sont les acides non volatils, c’est-a-dire 
les acides citrique et tartrique, car avec les acides volatils (formique, 
acetique) la separation du selenium ne se fait que lentement vu que 
le systeme s’appauvrit successivement en acide necessaire k une 
reaction rapide et complete. 

L’influence exercee par les acides (25 cc de solution N/l) et par les 
quantites variables d’hydrate d’hydrazine ressort des donnees rassem- 
biees dans le tableau I (moyennes de 3 a 5 dosages). Le volume initial 
du melange etait de 200 cc, la duree de Pebullition environ 1 h. a 1 h. 
et 1 / 4 . (Pour les acides acetique et formique une demi-lieure de plus.) 

Tableau I. 

Solution Selenium 

de Methode de reduction trouve 

H.SrUj en gr 

25 cc Reduction par 1’acide sulfu- 

reux.01080 

25 cc Methode J. Meyer—W. D. 

Treadwell. 0-1078-9 (N 2 H 4 . H 2 0 + HCl) 

25 cc Methode P. Jannasch—W. D. 

_Treadwell. 0-1077 (N 2 H 4 . II 2 S0 4 I1C1) 

*) J’essayais encore, comme J. Meyer, de capter l’hydrogene selenie dans 
une solution etendue de sel de plomb en effectuant la reduction dans un courant 
d’azote ou d’acide carbonique et en introduisant les gaz dans un appareil Lunge 
a 10 boules charge d’une solution de perchlorate de plomb. Toutefois, je n’ai 
pu constater de B x Se, ce que j’attribue au fait qu’il s’agit de quantites tres faibles, 
qui ont eventuellement pu se decomposer. 

**) Si l’on opere I’acidulalion au moyen des acides organiques, on distingue 
outre l’hydrogene selenie une autre odeur encore qui dans le cas de 1’acide 
acetique (surtout concentr6) rappelle l’acide thioacStique. Dans les melanges laits 
avec l’acide tartrique, ou plus rarement avec l’acide citrique, on constate une 
odeur de sulfure de carbone. 
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Influence exercSe par 25 cc de 


Solution 

de 

H 2 ScO, 

Acide 

25 cc 

HCl 

25 cc 

h 2 so, 

25 cc 

HCIO, 

25 cc 

H n PC) 4 

25 cc 

h 3 po„ 

25 cc 


25 cc 


25 cc 

11C0M 

25 cc 

CHnCOiH 

25 cc 

(COzlfk 


divers acides Nj 1 environ. 


Solution a 10”/„ environ de 
X 2 lf,. H.,0 


2 cc 

1 CC 

0'1077 

01078 

0-1076-7 

0-1077 

0-1077 

01078 

0-1077 

0-1078 

0-1077 

0-1078 

0-1078 

01079 

0-1079 

0-1080-1 

0-1077-8 

0-1078-9 

0-1077 

0-1079 

0-1195 

— 


Les vaieurs maximum s’obtiennent done en operant l’acidification 
par des acides organiques. L’acide citrique est celui qui convient 
le mieux, les vaieurs trouvees concordent en effet avec celles qu’on 
obtient en reduisant l’acide sSlenieux par I’acide sulfureux. C’est sur- 
tout si la dose d’agent reducteur {NJI,. JI 2 0) est portee de 1 cc a 2 cc 
que les vaieurs pour le selenium se rabaissent, ce qui est sans doute 
du a une formation plus intense d’hydrogene seleniS. 

Parmi les methodes courantes de dosage du selenium celle a l’acide 
sulfureux donne les resultats les plus Aleves. Ceux obtenus par le 
procede Meyer et Treadwell sont un peu plus faibles, et les 
chiffres les plus bas s’obtiennent par la reduction au sulfate d’hydra- 
zine (Jannasch-Treadwell). 

L’acide oxalique ne se prete pas & l’acidification, il donne des 
chiffres trop Sieves. Je n’ai toutefois pas Studie de plus pres la cause 
de ces Scarfs. 

Le choix des divers acides influe aussi sur l’aspect du selenium 
formS par la reduction. Avec les acides minSraux il se forme un dSpdt 
gris foncS, surnageant le liquide, puis un prScipitS tombant au fond du 
vase. Avec ies acides tartrique, oxalique et formique le depot est gris 
argents, et le liquide renferme un prScipite. Avec I’acide citrique le 
depSt est peu considerable, par contre une partie notable de sele¬ 
nium est finement divisSe dans le liquide qui apparaft bleu en lumiere 
transmise. Le selSnium forme par la reduction en presence d’acide citrique 
est le plus fin de tous. Ajoutons qu’on ne peut observer ces diverses 
formes de sSISnium que dans le cas oh le composS soumis & la 
reduction Stait l’acide sSISnieux. 
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En presence de sels (sodiques, ammoniques) le precipitd form6 
possede un grain plus gros, le dep6t est noir, et la proportion de 
s£16nium divis6 dans le liquide est relativement faible. 

Emploi de I’acide citrique dans la reduction de Pacide 
s£lenieux par l’hydrate d'hydrazine. 

En me basant sur les essais pr£liminaires signals plus haut j’ai 
elabore une m£thode de dosage du s£l£nium par reduction de Se0 8 " 
au moyen de N 2 H i . H 2 0 el d’acide citrique en milieu soit faiblement 
alcalin (ou meme neutre), soit acide. 

Lors de la reduction en milieu acide void comment on procede: 
A la solution de ILSeO s ou de sdenite alcalin (200 cc environ), 
placee dans un ballon d’Erlenmeyer et renfermant environ 0’15—O'Sgr 
de Se0 2 ou 0’15—0’7 gr de selenite (0’06—03 gr de Se), on ajoute 
une solution & 10% d’hydrate d’hydrazine (0 5—1 cc de reducteur 
pour 0-1 gr environ de Se0 2 ou de sei). Si la solution est alcaline, 
on la rend faiblement acide par une solution sensiblement normale 
d’acide citrique (d’apres un essai temoin k 1’orange m&hyle). Le me¬ 
lange est ensuite acidulS par 25—35 cc de dit acide, le ballon est 
recouvert d’un petit entonnoir, et le melange est chauffe k l’gbullition 
en agitant de temps a autre. Si la quantite d’acide setenieux est assez 
considerable (plus de 02 gr de Se) et que le melange se soit mis 
k bouillir, on fait bien d’£carter le bruleur pour 3 minutes environ 
et agiter le liquide de temps en temps (k I'ebullition le degagement 
d’azote est en effet trop tumultueux). Apres cela, le melange est chauff6, 
en compliant le volume par des additions d’eau, jusqu’k ce que 
le liquide surnageant devienne limpide sans trouble violet, ce qui 
exige de 14 1 heure et quart.*) 

Cette ebullition assez prolong^ est n£cessaire non seulement pour 
que la reduction de l’acide s£lenieux soit complete mais encore pour 
que la totalite du selenium rouge passe & P£tat de la forme gris noir. 
La reduction terming, on rince l’entonnoir, ou rassemble le selenium 
dans un filtre de porcelaine & disque poreux, on lave k l’eau chaude 
d’abord, puis k l’alcool, on seche pendant 2 ou 3 heures k 105°, et 1’on 
pese. 

Lors de la reduction en milieu faiblement alcalin ou m£me presque 
neutre la solution de H 2 Se0 8 ou de sdl£nite (0’15—0'2 gr de Sc au 
maximum) est additionnge d’une solution k 10% d'hydrate d’hydra- 

*) On fait bien de prolonger plutot la dur6e dVbullition, parce que les der- 
niers restes de selenium ne se s£parent que lentement. 
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zine (0-5 — 1 cc environ pour 0*05 gr de selenium), le melange est 
chauffe et maintenu & une douce Ebullition pendant 5 minutes environ. 
On Ecarte le brfileur, on ajoute de 25 & 50 cc de solution citrique 
et abandonne pendant 3—5 minutes en agitant de temps k autre. 
Pendant ce temps s’accomplissent la transformation du selenium brun 
colloidal en la forme rouge, plus tard gris noir, et la rEduction totale 
du SeO B ". On chauffe ensuite et Ton procede comme pour la rEduc¬ 
tion en milieu acide. 

La rEduction en milieu acide est celle qu’on peut employer d’une 
maniere gEnErale. Par contre, la rEduction en milieu faiblement alcalin 
ou presque neutre n’est utilisable que dans le cas oil Ton opere en solu¬ 
tion Etendue, en I’absence de sels d’ammonium, oil la quantite de 
sEIEnium ne depasse pas 0 - 2 gr, et le mElange est suffisamment acidulE 
vers la fin. 

La formation des dEpots de sElenium rouge aux parois du vase 
se laisse Eviter par agitation frEquente du liquide. Si un tel dEpot 
s’est forme, il faut le dEtacher par Ebullition prolongEe ou plusieurs 
fois interrompue. 

Voici dans les tableaux II et III les rEsultats obtenus lors des dosages 
du sElenium dans le selEnite de sodium, effectues dans des condi¬ 
tions variables. 


Tableau II. 

MEthode J. Meyer — W. D. Treadwell. 


La rEduction a EtE operee pour Oi gr environ de sel par 1 5cc de 

N 2 U 4 .H 2 0 10%. 


No 

selenite 
mis en 
oeuvre 

solution 
a 10% 

de \Jf 4 .U,0 

HCl AVI 

ajoute 

selenium 
trouve en gr 

% de 
selenium 

moyenne 


en gr 






1 

0*6725 

9-5 cc 

30 cc 

0-2863 

42-57% 


2 

0-2916 

4-5 cc 

30 cc 

0-1240 

42-52% 


3 

0-2565 

4 cc 

30 cc 

0T092 

42-57% 

42-55% 


pour 0-1 gr environ de 

sei 0-5 cc de N a H t .H 2 0 k 10% 

4 

01768 

1 cc 

10 cc 

0 0755 

42-70% 


5 

0-2508 

1-2 cc 

10 cc 

0-1072 

42-74% 


6 

0-2948 

1*5 cc 

10 cc 

0-1261 

42-77% 



42-75% 
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Reduction par le chlorhydrate de semicarbazide. 


No 

selenite 
en gr 

chlorhydrate 
de semicarba¬ 
zide a 10% 

11 Cl X/l 

selenium 
trouve mgr 

°/„ de 

selenium 

moyenne 

7 

02552 

3'5 CC 

10 cc 

0-1093 

42-83% 


8 

0-3571 

4*5 CC 

10 cc 

01528 

42-79% 


9 

0-4252 

5 CC 

10 cc 

0-1816 

42-71% 

42-77% 



Reduction 

par I’acide sulfureux. 



1 

0-2616 

— 

20 cc 

0-1128 

43-12% 


2 

0-1600 

— 

20 cc 

0-0687 

42-94% 


3 

0-2679 

— 

20 cc 

01151 

42-97% 



43-01'»/o 

(sans l’essai 1 -«■ 42-95%) 


Tableau 111. 


No 


Acide citrique. 


selenite solution acide -V/1 selenium 

en gr de X JfJ.H O a l out ° trouve en gr 


"A de 
selenium 


moyenne 


Reduction en liqueur acide. 


La reduction a ete operee pour 0-1 gr de sel par 0'5 cc de JS r 2 /f 4 . 11,0 a 10% 


1 

0-2533 

1-5 cc 

25 cc 

0-1087 

42-91% 


2 

04180 

2 cc 

25 cc 

01790 

42-81% 


3 

0-2513 

1-5 cc 

25 cc 

01080 

42-98% 

42-90% 



pour Oi 

gr de sel 

par 2 cc de 

NzH*. h 2 o a 10% 

4 

0-2306 

4’5 cc 

25 cc 

00985 

42-83% 


5 

0-3060 

6 cc 

25 cc 

0-1311 

42-84°/ o 


6 

01431 

3 cc 

25 cc 

0-0614 

42*82% 

42-83% 



pour 0-1 

gr de sel 

par 1 cc de 

nji, . ir 2 o a io% 

7 

07350 

8 cc 

50 cc 

0-3148 

42-83% 


8 

0-3003 

3 ic 

50 cc 

0-1288 

42-88% 


9 

0-2843 

3 cc 

50 cc 

0-1219 

42-87% 



42-86% 
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No 

selenite 
en gr 

solution 
a 10% 

de N,H,. B a O 

acide 2V/1 
ajoute 

selenium 
trouve en gr 

seLium nioyenne 



Reduction en liqueur alcaline. 





pour 0 - l gr 1 cc de %%. IIJJ a 10% 

10 

01994 

2 cc 

25 cc 

0-0855 

42-88% 

11 

01156 

1 cc 

25 cc 

00496 

42*90% 

12 

0*1470 

1-5 cc 

25 cc 

0-0630 

42-87% 

13 

0-1864 

1-8 cc 

25 cc 

0-0801 

42-97% 






42-90% 



pour 0-1 gr de sel 1 cc de NJIi-lLO a 10% 

14 

02427 

2'5 cc 

50 cc 

01036 

42-69% 

15 

0-2675 

2'5 cc 

50 cc 

0T144 

42-76% 

16 

01750 

2 cc 

50 cc 

0 0749 

42-79% 




Acide tartrique. 

42*75% 



Reduction en liqueur acide 





pour 01 gr de sel 1 

cc de NJIi a 10% 

17 

02063 

2 cc 

25 cc 

00886 

42-85% 

18 

0-3728 

4 cc 

25 cc 

0-1595 

42-78% 

19 

03919 

4 cc 

25 cc 

01677 

42-75% 


42-78% 


Les analyses faites sur un autre produit de selenite de sodium 
figurent dans les tableaux IV et V. 

Tableau IV. 


M6thode J. Meyer-W. D. Treadwell. 

La reduction a ete op£ree 

pour 0-1 gr de sel par 0-5 cc de N«H t . II.>0 & 10% 


No 

selenite 

NJI 4 . 11.0 

HCl A'/l 

selenium 

% de 

moyenne 


en gr 

k 10% 

trouve en gr 

selenium 


1 

06467 

3 CC 

20 cc 

0-2962 

45-80% 


2 

0-3007 

1*5 cc 

20 cc 

0-1374 

45-69% 


3 

0-4996 

2'bcc 

20 cc 

0-2286 

45-76% 








45-75% 



pour 0-1 

gr de sel 

par 1 cc de 

%%. U,0 a 10% 

4 

0-3799 

3*5 cc 

20 cc 

0T736 

45-69% 


5 

0-4152 

4 cc 

20 cc 

01895 

45-64% 


6 

0-2003 

2 cc 

20 cc 

0-0917 

45*78% 



45-70% 
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No sdlenite N 2 U t .ff 2 0 HCl N/l selenium % de Moyenne 

en gr a 10°/„ trouve en gr selenium 


Reduction en liqueur alcaline 
pour 01 gr de sel 0-5 cc de N 2 Hi. 1I 2 0 k 10% 


7 

03945 

2 cc 

20 cc 

01803 

45-70% 


8 

0-5478 

2'8 cc 

20 ec 

0-2507 

45-76% 


9 

0*6003 

3 cc 

20 cc 

0-2746 

45-74% 

45-73% 



Reduction par Pacide sulfureux. 


10 

0-5546 

— 

20 cc 

0*2548 

45*94% 


11 

0-3826 

— 

20 cc 

0-1759 

45*97% 


12 

0-4087 


20 cc 

0-1877 

45-93% 

45*95% 




Tableau 

V. 




Acide citrique. 

Reduction en liqueur acide. 

La reduction a £t£ op£ree 

pour 0'1 gr de sel par 1 cc de N 2 H 4 . H a O k 10% 


No 

selenite 
en gr 

N-TI t . JI.,0 
a 10"/; 

acide N/\ 

selenium 
trouve en gr 

% de 
selenium 

moyenne 

1 

1-0193 

10 cc 

25 cc 

0-4670 

4582% 


2 

0-3470 

3 - 5 cc 

25 cc 

0-1595 

45-96% 


3 

0-2537 

2'5 cc 

25 cc 

0-1166 

45-95% 

45-91% 



pour Oi gr de sel 

par 1 cc de . H a O k 10% 

4 

03322 

3 cc 

50 cc 

0-1523 

45-85% 


5 

0-4901 

5 cc 

50 cc 

02242 

45*74% 


6 

0-3149 

3 cc 

50 ce~ 

0*1442 

45-80% 


7 

0-6823 

7 cc 

50 cc 

0-3126 

45*82% 

45-80% 



pour 0-1 gr de sel par 2 cc de iV a 7f 4 . H a O k 10% 

8 

0-6059 

12 cc 

50 cc 

0-2774 

45-79% 


9 

0-2994 

6 cc 

50 cc 

0-1371 

45*79% 



45-79% 
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No slllnite N 2 H t .H 2 0 acide N/\ selenium % de moyenne 

en gr a 10% trouve en gr selenium 

Reduction en liqueur alcaline 

pour 01 gr de sel 1 cc de K z H t . H z 0 a 10 % 


10 

0-3929 

4 

CC 

50 cc 

0-1809 

46-04°/ ( 

11 

0-3411 

3-5 

cc 

50 cc 

0-1566 

45-91 °/ ( 

12 

0*2311 

2 

cc 

50 cc 

01062 

45-95% 


45-96% 

Acide acStique. 

Reduction en liqueur acide. 
pour 01 gr de sel 1 cc de N a H 4 . H t 0 k 10% 


13 

0-5783 

6 cc 

30 cc + 5 cc 

0-2639 

45-63% 

14 

0 2993 

3 cc 

30 cc ~f~ 5 cc 

0 1366 

45*64% 

15 

02012 

2 cc 

30 cc -f 5 cc 

0-0918 

45*63% 

16 

0-2841 

3 cc 

30 cc + 5 cc 

0-1298 

45-69% 


45-65% 

Les moyennes obtenues dans les dosages par les divers pro- 
c£d6s montrent que c’est la reduction k l’acide sulfureux qui donne 
les chiffres les plus eleves. Ceux obtenus par 1’hydrate d’hydrazine 
et I’acide citrique sont un peu plus bas. Viennent ensuite les moyennes 
qu’on obtient en employ ant N. 2 H i . ILO et l’acide tartrique, le chlor- 
hydrate de semicarbazide et HCl et, enfin, N. 2 H 4 . ILO et HCl qui ne 
different que tres peu entre elles. Les chiffres les plus bas s’obtiennent 
en employant 1’acide ac£tique.*) 

Avec l’acide citrique les chiffres les plus 6lev6s s’obtiennent si, pour 
reduire environ 0*046 gr de selenium, on emploie de 0-5 k 1 cc d'une 
solution a 10% d’agent reducteur et, pour 1’acidulation, 25 cc d’acide 
sensiblement JV/1 (tableau Ill, essais 1—3, 10—13; tableau V, essais 
1—3, 10 -12). L’augmentation de la dose de reducteur et d’acide 
rabaisse gSneralement les r^sultats. 

Pour des doses dgales de iV 2 // 4 . H 2 0, 1’acide citrique determine une 
formation moins sensible de H z Se que la demi-quantit^ d'acide chlor- 
hydrique (voir le tableau V, essais 4—7, et le tableau IV, essais 4—6). 

On voit, de plus, que l’acide citrique permet d’operer avec des 
doses doubles d’agent reducteur it des acidit^s plus fortes que pour 
I’acide chlorhydrique (tableau V, essais 8, 9, et tableau IV, essais 4,6). 


*) Cela parait etre dfl aux pertes d’acide ac^tique par volatilisation. 
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Dans la reliction en milieu alcalin avec emploi d’acide citrique 
les chiffres obtenus sont un peu plus Sieves que pour le milieu acide. 
Chez 1’acide chlorhydrique les r£sultats concordent mieux entre eux 
que dans la reduction en milieu acide (voir le tableau V, essais 10—12, 
et le tableau IV, essais 1—3, 7—9). 

Les chiffres obtenus en employant 1’acide citrique, plus Sieves en 
comparaison de ceux qu’on trouve suivant les proceeds Meyer et 
Treadwell, se laisseraient Sventueliement expliquer par un entraine- 
ment d’impuretes dans, le pr^cipite du selenium reduit. Pour m’assurer 
que le selenium pese est pur, j’ai done fait les essais suivants: 4'8561 gr 
de selenium pur refondu (Kahlbaum) ont ete dissous dans 1IN0 8 , 
la solution a ete concentre & faible volume (mais pas a sec, pour 
e viter les pertes de JI 2 SeO ti ), puis ramenee a 1 litre. 

Dans 25 cc de cette solution (renfermant 0‘1214^r de Se) le selenium 
a ete dose, apres neutralisation prealable a l’ammoniaque, par les 
methodes suivantes: 

Trouve: 

hydrate d’hydrazine -f- IK'l (Meyer 

et Treadwell) . 01211, 01209, 0-1211 gr de Se, 

hydrate d’hydrazine -f acide citrique 

(voir plus bas).01212, 0'1212, 0* 1213 gr de Se. 

Dans l’un et l’autre cas on a done trouve un poids de selenium 
inferieur a celui mis en oeuvre. Ces hearts temoignent des pertes d’une 
part mecaniques, d’autre part, dues & la formation de I’hydrogene 
s£leni£. En meme temps, il a ete demontre que dans le proced£ citrique 
il ne s’agit pas d’une souillure du selenium reduit. 

Pour la pratique analytique les dosages en presence d’acide azotique 
ne sont pas sans importance, car cet acide est gen£ralement employe 
a l'oxydation du selenium elementaire en 1I 2 S0 8 et des sSieniures 
en selenites. 

Les conditions du dosage du selenium par reduction it l’hydrate 
d'hydrazine + HCl en presence d’acide azotique ont dejk ete Studies 
par J. Meyer. En employant l’acide citrique je procede de la fa^On 
suivante: La solution renfermant tf 2 SeO B et HN0 S est rendue faiblement 
ammoniacaleet additionnee dela solution deN 3 H t . H 2 0 (environ 1*5—3 cc 
d’une solution & 10% pour 0*05 gr environ de Se). Elle est d’abord 
faiblement acidulee par l’acide citrique, puis rendue plus fortement 
acide par 25—30 cc de mfeme acide, et portae it l’ebullition. 

La marche ulterieure est celle signage plus haut avec cette diffe¬ 
rence qu’il faut ramener le melange rSactionnel plus souvent au volume 
de 200 ou 300 cc environ par des additions d’eau. L’acide azotique, s’il est 
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concentre, peut empecher la separation complete du selenium, d’une 
part, en le dissolvant partiellement, d’autre part, en empechant la trans¬ 
formation integrale de la forme rouge en forme gris noir. Apres que 
le liquide surnageant se soit clarifie, il faut le diluer et ajouter une 
nouvelle faible dose de reducteur pour s’assurer que la reduction est 
completement achevee. 

Le tableau VI donne les resultats obtenus dans la reduction de 
H^SeOs en presence de quantites variables d’acide azotique. 


Tableau VI. 


selenite 
en cc 

US a, 
A’/l 
en cc 

A', IT,. H.,0 
a 10"/,; 


selenium trouve 
en gr 

moyenne 

25 

— 

1 CC 

0-1039, 

0-1040, 

01040 

01040 

50 

— 

2 cc 

02081, 

0-2080, 

0-2082, 0 2082 

0-2081-2 

25 

5 

2'5—3 cc 

01038, 

0 1039, 

01039 

01039 

25 

15 

3 cc 

0-1038, 

01038, 

01039 

01038 

50 

5 

4 — 4 5 cc 

0-2080, 

0-2080, 

0-2081 

0-2080 

50 

15 

5- 5 5 cc 

0-2080, 

0 2080, 

0 2079 

02080 


Le tableau fait voir que les dosages faits en presence d’acide 
azotique sont en bon accord avec ceux effectues en I’absence de cet 
acide. 

Je ne saurais terminer ma communication sans exprimer mes 
meilleurs remercTments a Monsieur le professeur J. Han us pour ses 
precieux conseils et Pinteret avec lequel il a suivi mes recherches. 

Institut de Chimie analytique 
a VEcole Poly technique tcheque de Prague 
(Tchecoslovaquie). 


Resume: 

L’auteur etudie la reduction de I’acide selenieux par l’hydrate 
d’hydrazine en milieu acide. Il etablit surtout Pinfluence qu’exercent 
sur la dite reduction et la sedimentation du selenium forme les acides 
chlorhydrique, sulfurique, perchlorique, phosphorique, phosphoreux, 
formique, acetique, tartrique, citrique. II constate que la vitesse de 
reduction et de floculation du selenium rouge atteint son optimum 
en presence d’acides mineraux. Les acides organiques — toutes 
choses 6gales d’ailleurs — determinent une reduction de I’acide seie- 
nieux et une sedimentation plus lentes. 


3 
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La reduction de l’acide s6l£nieux par I’hydrazine et ses seis et 
autres derives (semicarbazide et semioxamazide) en milieu acide est 
constamment accompagnSe de la formation d’hydrogene s616nie. La 
partie principale de celui-ci s’echappe au moment oil le selenium passe 
de l’6tat amorphe (rouge) a l’etat gris noir (cristallise). La proportion 
de Hc.Se forme est la plus considerable en presence d’acides min£raux. 

L’auteur recommande l’emploi de I’acide citrique pour lequel les 
pertes de selenium sont le plus faibles et les r£sultats obtenus les 
plus voisins de ceux qu’on trouve en operant la reduction par l’acide 
sulfureux. 
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POLAROGRAPHIC STUDIES WITH THE DROPPING MER¬ 
CURY KATHODE - PART XXV. - AN INVESTIGATION 
OF SOLUTIONS OF GALLIUM, TITANIUM, VANADIUM, 
NIOBIUM AND TANTALUM 

by S. ZELTZER. 

This group, frequently occurring in mineral analysis, has been 
examined polarographically chiefly for two reasons-. First to investigate 
— from the electrochemical standpoint — the way of reduction of 
such solutions at the dropping mercury kathode, and, secondly, to 
find out how far their analytical estimation may be improved by 
polarographic analysis. 

The investigation of solutions was carried out with the usual 
polarographic arrangement, including a Hartmann- Braun 
moving-coil mirror-galvanometer of high sensitivity and half-period 
of swing 5 secs; the solutions were electrolyzed either open to the 
air or in an atmosphere of hydrogen after air had been driven out. 
In the latter case hydrogen was also passed through the solution in 
the burette, from which additons were made in order to let vary the 
concentration of the electro-reducible substance. The passage of 
hydrogen through the electrolyzing vessel and solution has been 
arranged according to previous descriptions. 1 ) 

Gallium. 

The electrodeposition of gallium at the dropping mercury kathode 
has been investigated by S. T a k ag i -) from solutions of hydrochloric 
acid, yet with a negative result. The author deduced that the deposi¬ 
tion potential of gallium lies close to that of hydrogen and being 
still more negative cannot be distinguished polarographically. Our 
investigation, however, shows that the deposition of gallium from 
dilute acidic solutions can be followed polarographically, as it occurs 
at a more positive potential than that due to the evolution of hydro¬ 
gen. Fig. 1, indicates this electro-deposition: a smaller sensitivity of 
the galvanometer has been used here to show the saturation current 


3 * 
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or “wave” due to the evolution of hydrogen from 0001 n. HCl; 
then first 8 drops of a solution “3” containing gallium were added 
and the amount gradually increased. The solutions of gallium have 
been prepared as follows: 0*4466 gr of the pure double sulphate 
NHtGafSOJz. 12// 2 0, kindly presented by Professor G. Urbain 
of Paris, has been dissolved in 20 ccs of water, so that this solution 
“1” was O'1349 n. To 3 ccs of sol. “1” 7 ccs of water were added, the 
resulting solution “2” being thus 0*0405 n.; further 1 cc of sol. “1” was 
diluted with 9 ccs of water giving solution “3” 0*0135 n.; finally 1 cc 
of sol. “1” was diluted to 30 ccs yielding solution “4” 0*00405 n. 



To 10 cm 0*001 n. HCl dropped 0*0135 n. .\7//>W.S’0j,. 

Sensitivity of the galvanometer 1:20. 

The concentration of gallium in the solution to which curve 2 is 
due was 0*00054 n.; at a four times greater concentration, however, 
the “wave” due to the deposition of gallium almost coalesces with 
that of hydrogen. Also in concentrations more acidic than 10~ 2 n. 
the deposition “wave” of gallium becomes indistinguishable from 
that of hydrogen. The same sort of curves were obtained when the 
solution “3” was dropped to 10 cis of 0*001 n. nitric acid; yet, curi¬ 
ously enough, much less distinct was the current due to the depo¬ 
sition of gallium in 0*001 n. ff 2 S0 4 . No deposition “wave” was appa¬ 
rent in sulphuric acid solution, the current rising slowly and steadily 
from the deposition potential of gallium to that of hydrogen, In 
a manner characteristic of irreversible electro-reduction. This different 
behaviour in the deposition of gallium ions when in excess of mo¬ 
novalent anions (of hydrochloric or nitric acid) from that in excess 
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of sulphuric acid is probably due to the formation of complexes bet¬ 
ween the ions of higher valencies, which during electrodeposition 
yield simple ions only slowly [comp. 8 )]. 

The deposition potential of gallium ions cannot be determined 
with great precision owing to the slow bend of the current-voltage 
curve. In the 0‘00054 n. solution of gallic sulphate in 0001 n. hydro- 
chlorid or nitric acid it lies ca. 0’40 volt before the deposition poten¬ 
tial of hydrions, i. e. at —108 volt from the potential of the normal 
calomel electrode. The more or less indistinct band, observed in the 
curves when gallium is deposited is startling when comparing this 
deposition of a trivalent kation with that shown polarographically 
in the case of electro-deposition of indium and aluminium: Where¬ 
as indium and aluminium deposit “reversibly” i. e. show the steep 
bends on curves expected at the deposition of trivalent ions and the 
corresponding small shifts of the deposition potentials due to the 
changes in concentration, the electro-deposition of gallium at the 
dropping mercury kathode causes even slower bends at the curves 
than those characterising the typically irreversible evolution of hydrogen. 



To 10 ecu of 0'001 n. 1ICI added by drops 0 0135 n. Nff,Ga(SO t )... 

Sensit of galvan. 1:10. 

A closer examination of the nature of these signs of irreversibility 
in the deposition of gallium has not been entered into. In this inves¬ 
tigation merely the general polarographic behaviour in acidic, ammo- 
niacal and alkaline solutions was examined. A distinct deposition 
“wave” has been ascertained in electrolysis of a 0’2 n. ammoniacal 
solution, to which a solution of gallic sulphate was added; the 
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turning point of the bend appears close to that due to the deposition 
of ammonium ions, being by ca. 200 millivolts more positive. On 
the other hand no sign of electro-deposition of gallium could have 
been ascertained from alkaline solutions of gallates; in this respect 
gallium resembles aluminium, which also does not deposit from alka¬ 
line solutions, differing from indates and zincates, both of which 
deposit easily at the dropping mercury kathode. 

Analytical applications. 

First the great sensitivity of the polarographic method has to be 
considered, in Fig. 2. we observe on curve 3, i. e. after the addition 
of 2 drops of the solution “3” to 10 ccs a distinct effect due to the 
deposition of gallium; the solution electrolyzed was 13X 10~ 4 n. 
and the sensitivity of the galvanometer VlO » thus with the greatest 
sensitivity of the method 1*3 X 10 -5 gr.-equivalents per litre of 
gallium are still observable polarographically, a fraction of a cc 
being — as usual — sufficient to carry out the electrolysis. 



A mixture containing 0 - 0005 n. TnCl :i , 0 - 004 n. 7,, 0'004 n. Guj(S0,), , 0’01 n. .1/67,. 

Oalv. sensit. 1:20. 

Next, salts of some elements analytically very similar to gallium, 
were mixed with its solutions, to see how far they may be estimated 
simultaneously. Thus it has been found that indium and zinc, when 
not in excess over gallium, are discernible and that gallium is tra¬ 
ceable in any amount of aluminium, which deposits at a conside¬ 
rably more negative potential of —1*76 volt. The solutions have to 
be kept slightly acidic in order to prevent extensive hydrolysis. Also 
all four of the analogous elements may be estimated simultaneously, 
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in which case, however, the more noble ones must not prevail. The 
potentials at which traces of those elements are deposited are for 
indium 4 ) —0'60 v., zinc —1-02 v., gallium —1-08 v., aluminium 
—1*80 v., here, of course, the less negative potential characterises 
the more noble metal. (See Fig. 3.) 

Progressive hydrolysis of solutions containing gallium has often 
been observed in these investigations, which became evident on the 
growth of the hydrogen “wave” and simultaneous decrease of the 
gallium “wave” with time. 


Titanium. 

The starting material was titanic oxide, kindly prepared by Pro¬ 
fessor J. St£rba-Bohm from rutile of Bohemian origin. About one 
quarter of a gram of the oxide was fused with six times the quan¬ 
tity of potassium hydrosulphate in a platinum crucible and the melt 
after solidification was dissolved in 100 ccs of water. 




Curves 1, 2, 3,: solution of h'HSO ,, after fusion in a platinum crucible. 

Curves 4, 5, 6: 0'25'‘/n sol. of 770,, after fusion with KffSU 

Such solutions showed polarographicaliy always a wave at —0*8 v. 
(see Figs. 4 and 5) and occasionally one at —0’3 v. and another at 
— TO v. However, an examination of the pure potassium hydro¬ 
sulphate, after remelting in the platinum crucible, showed that the 
waves at—0*3 and —1*0 v. were not due to the titanium specimen, 
as they appeared again. The first one is probably due to the reduc¬ 
tion of sulphurous acid 5 ) which is formed by the action of platinum 
on the molten hydrosulphate and that at —1*0 v. seems to be due 
to the catalyzed hydrogen evolution wave, 8 ) caused by traces of pla- 
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tinum in the solution. Yet both these impurities disappear after pro¬ 
longed bubbling of the solution by hydrogen and are not present 
when solutions are prepared by the dissolution of titanic oxide in 
concentrated sulphuric acid and subsequent dilution with water. 

The true reduction potential of titanic solutions is thus that at 
—0*8 v. Precise observations, using deci- and centi-normal solutions 
of hydrochloric, sulphuric and nitric acids gave a mean value, which 
was practically independent of the concentration of hydrions, equal 
to —080 v. 


Fig. 5. 

To 10 ccs O'Ol n. HCl added by drops the 0.25“/o Ti0 2 solution in KHSO t . 

Oalv. sensit. 1:10. 

Alkaline solutions of titanic oxide did not show any sign of 
electro-reduction on the curves, although titanic oxide is somewhat 
soluble in them. 

In order to decide to which state of reduction titanic salts are 
reduced at the dropping mercury kathode comparison has been made 
with acidic solutions containing an equal amount of mols per litre 
of zinc on one side and of titanium on the other. The limiting current 
due to zinc deposition has been found practically twice as great as 
the limiting current (i. e. the height of “wave”) of-the -electro-reduc¬ 
tion of titanium. Hence there is half the quantity of electricity con¬ 
sumed per atom of titanium in the process of electro-reduction than 
is necessaiy to discharge an ion of zinc; since the latter value is two 
faradays per gram-atom, it is one faraday which one gram-atom of 
titanium requires. The process is thus: 

Ti IV + 1 © - Ti m , 

the tetravalent titanic oxide being merely reduced to the trivalent, 
titanous stage. No signs of a further reduction can be observed 
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from the curves, which are, of course, terminated at — 135 v. by the 
current due to the evolution of hydrogen from the acids. 

Analytical. Since titanium is a very widely spread mineral consti¬ 
tuent, polarographic examinations of some minerals have been tried 
to see how far titanium may thus be estimated. In such an analysis 
of e. g. rutile, anastase, yttrotitanite or brookite it was found suffi¬ 
cient to fuse a small quantitity of the mineral with potassium hydro¬ 
sulphate, and to dissolve the melt in 100 ccs of 0*1 n. sulphuric acid; 



some ccs of this solution are then poured into the electrolyzing vessel 
over the mercury anode and freed from atmospheric oxygen by 
bubbling hydrogen through it; this operation also removes traces 
of sulphurous acid and platinum, which originate from the process 
of fusion. Fig. 6. shows a polarogram obtained from a solution for 
which 1 gr of a sample of rutile (from Krenovice near LedeC, Bo¬ 
hemia) has been used. The percentage of TiO^ estimated from the 
height of this curve is 10%. The above named minerals were kindly 
procured by Dr. F. U1 rich from the mineralogic Institute of the Charles 
University. The elements which are analytically often difficult to remove 
from titanium, such as chromium, iron,‘aluminium, have their reduc¬ 
tion potentials sufficiently distant from that of titanium so that on 
polarographic examination they do not interfere. 

Below (p. 333) will be mentioned how titanium may be polaro- 
graphically distinguished from vanadium and niobium, with which it 
almost coincides in the reduction potential from acidic solutions. 
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Vanadium. 

Owing to the variability of valency of vanadium in solutions of 
its compounds the polarographic curves are more complicated than 
in the preceding two cases. 

The simplest form of curve is obtained when a solution of a bi¬ 
valent vanadium salt is electrolyzed. Our solution was made from 
a commercial sample of “vanadous chloride”, which, however, was 
evidently oxidized to vanadium trichloride, as it formed a dark green, 
syrupy liquid and dissolved in water to a dark green solution. When 
allowed to stand open to the air the colour of this solution turned 
blue, obviously becoming oxidized to the tetravalent oxychloride, 
V0CI 2 . All solutions prepared from the “vanadous chloride”, whether 
bluish or greenish, caused on the curve an increase of current starting 
at —0 8 v. and practically independent of the concentration of hydrogen 
ions (comp. Fig. 7). The bends of the “waves” are not sharp enough 
to allow a precise study of the dependence of reduction potential on 
the concentration of vanadium. 



Fig- 7. 

0.01"/i, and 0.1"/, solutions of VCI a in O'l n. AT 7 and 0'01 n. IICl. 


Solutions containing compounds of pentavalent vanadium gave 
more complicated curves. The specimens here used were a pure, light 
brown, vanadium pentoxide, prepared and purified by the late Professor 
of analytical chemistry Dr. Sveda, and ammonium meta- vanadate, 
kindly presented by Professor J. Stfirba-Bdhm, who has purified 
this preparation. 

A trouble difficult to avoid is the oxidation of mercury in these 
solutions, which takes place when the anode layer of the electrode 
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vessel is long in contact with the vanadate solution. This may be, 
however, to a great extent removed when the solution is freed from 
atmospheric oxygen without coming into contact with the anodic 
layer of mercury. The oxidation of mercury brings it into solution 
and it is then deposited causing an increase of current at the very 
beginning of the curve; this effect is especially prominent in solutions 
of vanadates in sulphuric and nitric acid, leading to large maxima 
on curves. The oxidation proceeds at the expense of the pentavalent 
form, which is hereby, in acidic solutions, reduced quantitatively to 
tetravalent vanadium. This reduction is further, to some extent, also 
effected by prolonged passage of hydrogen through the solution. 
The poiarogram Fig. 8, which has been obtained under precautions 



Fig. 8. 

To 10 i'Cn 0‘1 n. HCl dropped a 1solution of A //, VO in 0'1 n. HCl. 

Galvan, sensit. 1 :10. 

against the oxidation of mercury, still shows on each curve the small 
increase of current at the starting of polarization; next, at the potential 
of —0 0 v. (measured from the calomel electrode) there appears one 
“wave” and at —O’84 v. another, with a practically double increase of 
current. If the heights of the first two currents are summed up their 
total is just one half of the “wave” at —0’84 v. 

Now the “wave” at —0‘84 is already known from the reduction 
in acidic solutions containing tetra- and trivalent vanadium. Its magni¬ 
tude suggests that one or two faradays are consumed per gram-atom 
of vanadium; hence the reduction process at—0 84 v. is either 

K ,v + 2© — r u or 
v m -fi©— v n . 
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The process at 0 0 v. must then consist in the reduction of 
F v +10 - F IV , 

which causes the first “wave” on the curve in electro-reduction of the 
pentavalent vanadium in acidic solutions, the other consisting in the 
reduction of the tetravalent form to the divalent one. If oxidation of 
mercury occurs at the expense of pentavalent vanadium, the increase 
of current at the very beginning indicates how much has been reduced 
to the tetravalent stage and should be, therefore, added to the “wave” 
at 0 0 v. to obtain the relation of the two “waves” as 1:2. 

There is no distinct sign that the divalent stage may be further 
reduced to the metal at the dropping mercury kathode, either on 
curves from acidic, neutral or alkaline solutions of penta-, tetra- or 
tri- valent vanadium salts. 

These results, gained by extensive polarographic investigation of 
many solutions in which the concentration of hydrions was varied 
from 10 - 1 to 10~ 18 , accord with the general experience that vanadium 
cannot be electrolytically..deposited from aqueous solutions 7 ) and that 
a mercury kathode is most suitable for the preparation of salts of 
di-valent vanadium 8 ). 



To 10 cus 01 n. LiOU dropped a 1% P, 0, solution in 0*1 n. LiOH. 
Galvan, sensit. 1:10. 


To alkaline solutions of lithium or potassium hydroxides were added 
solutions of vanadium pentoxide prepared in normal alkalies or acids, 
or solutions of ammonium metavanadate. In each case only one 
“wave” was observed on the curves before the bend due to the depo¬ 
sition of the alkali metal, which was ascribed to the reduction of the 
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vanadate or vanadite anions again to a divalent form. The polaro- 
gram Fig. 9 shows an example of the gradual increase of current 
due to the reduction of vanadate; the “wave” begins at the potential 
of —180 v., i. e. ca. 0 3 v. before the deposition of lithium. From 
ammoniacal solutions the reduction takes place at a considerably more 
positive potential, viz. at —150 v., which is most probably due to 
the buffering action of ammonium ions. The form of “waves” in 
ammoniacal solutions is well developed, bearing the character of 
a reversible deposition and may be therefore best used for analytical 
purposes. (See Fig. 10.) 



To 40 ccs 01 n. XII, dropped a 1“/,. XII, VO, solution in 0’1 n. XII, ■ 
Galvan, sensit. 1:10. 

Analytical. 

As the reduction potential (at — 0 8 v.) of solutions containing 
vanadium salts in hydrochloric acid happens to coincide with that 
of titanic compounds in the same solutions, analytical polarographic 
estimation of vanadium can be carried out only after the alkalization 
of such solutions with lithium or ammonium hydroxide. In alkaline 
solutions — as was pointed out above — titanates are not reducible, 
whilst only vanadates show their characteristic wave. 

As an analytical example the polarogram Fig. 11 is given, which 
has been obtained in a solution of the mineral vanadinite. The crude 
mineral has been dissolved in 2 n. hydrochloric add, diluted 10 times 
with water and the solution electrolyzed. In this way much of the 
lead present was precipitated as chloride, yet the resulting solution 
showed distinctly the lead “wave” followed by another at —0‘84, 
due to vanadium. 


330 


The separate estimation of vanadium in the presence of niobium 
and tantalum will be dealt with below. 



Niobium and tantalum. 

The solutions were made from a specimen of pure niobium pen- 
toxide which was kindly presented to us by Professor J. Stfirba- 
Bohm, who prepared and purified the sample from niobite; 05 gr 
were melted with potassium hydroxide in a silver crucible, the melt 
was dissolved in 100 ccs of water so that the resulting solution was 
ca Va n * alkaline. This solution gives on polarographic examination 
curves which do not differ from those due to the pure potassium 
hydroxide, indicating that niobium cannot be reduced from alkaline 
solutions. The solution was, therefore, gradually added to acidic 
solutions in the atmosphere of hydrogen and revealed in this way, 
on polarographic curves “waves”, which must be ascribed to electro¬ 
reduction of pentavalent niobium. 

Curiously enough, the effect of electro-reduction is best shown 
in solutions of nitric acid, being much less pronounced in sulphuric 
acid and indistinct in hydrochloric acid solutions. 

The polarogram Fig. 12 shows the increase of current due to the 
reduction when additions of potassium niobate to n. nitric acid are 
made, and Fig. 13 a similar effect in 0*1 n. nitric acid. The reduction 
potential here lies near — 0'83v. Since these solutions are certainly 
largely hydrolyzed and the precise content of niobium in true solution 
cannot be determined, the number of faradays consumed per gram- 
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atom of niobium in the electro-reduction process could not have 
been deduced. Yet judging from the general electro-chemical expe- 



Additions of an alkaline solution of niobic oxide to 10 co* it. HNO 3 . 


rience, which is that niobium cannot be electrodeposited from aqueous 
solutions, the process at — 0’83 v. is regarded as 

2V/, v -f 2 © — MS" . 



To 10 ccs 01 n. UNO, added 0*05"/ o solution of niobic oxide in 0'5 n. KOil. 
Oalvanom. sensit. 1:10. 

Fig. 14 shows the peculiar effect which is due to the presence 
of small additions of niobate to n. hydrochloric acid: the first drop 
causes a shift of the bend, due to the evolution of hydrogen, by 
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ca Qr2 v., which practically does not change after further additions 
of the niobate. There is no sign of a reduction taking place at 
— 0*83 v., the increase of current starting at ca —1-05 v. 

To adjust the electro-reduction so as to proceed in a strictly 
reversible manner, solutions were tried with dehydrating agents, since 
it has been found in several instances that hydration of particles 
renders them less mobille in the establishing of electrode equilibrium. 8 ) 




Fig. 14. 

To 10 ccs n. IK'l dropped the alkaline solution of niobic oxide. 
Galvan, sen sit. 1:200. 


The solutions described by Weiss and Landecker 9 ) were used, 
prepared on dissolution of niobic oxide in concentrated sulphuric acid 
which is subsequently diluted with a saturated solution of ammonium 
sulphate. In these solutions the reduction potential of niobium be¬ 
comes indeed considerably more positive than that in ordinary acidic 
solutions and much more so than e. g. the potential of titanium in 
the same dehydrating agent. 

Analogous investigations to those just described were carried out 
with tantalum. The sample was pure tantalic oxide kindly prepared 
by Professor J. Stgrba-Bohm. Yet no effect has been observed 
on the polarographic curves, which could be due to the presence 
of pentavalent tantalum in such solutions. It is thus concluded that 
tantalic compounds are not reducible at the dropping mercury kathode. 

Analytical. The latter fact is of importance in analysis of samples 
containing both tantalum and niobium, since niobium may be esti¬ 
mated directly from the curves, and tantalum from the difference, if 
their sum, e. g. in the form of oxides, is known. 



333 


The results given above allow us to estimate also mixtures of 
titanium, vanadium, niobium and tantalum. Their solution in, say, 
n. hydrochloric acid leads to a wave at — 0 8 v. which can be due 
only to titanium and vanadium; to decide how much of each is present, 
excess of lithium hydroxide or ammonia is added, which reveals 
the “wave” of vanadium only. A solution of the mixture in, say, 
Oi n. nitric acid, shows on the curve a “wave” at —0 8 v. which is 
proportional to the sum of titanium, vanadium and niobium; it thus 
exceeds the “wave” obtained in hydrochloric acid by the current 
proportional to the reduction of niobium. The presence of tantalum 
cannot be ascertained directly, but merely from the difference, when 
the concentrations of the three other constituents are polarographically 
determined. 

It will be understood that the researches here described cannot 
be regarded as a quantitative analytical study concerning the above 
named elements; the work has been published rather as a preliminary 
survey of the chief polarographic reactions which are likely to be 
worked out successfully to aid the intricate and hitherto incomplete 
analysis of the elements in question. Also the rules of the changes 
of the given reduction potentials, as far as their dependence of the 
composition of thesolutions is concerned, promises interesting and im¬ 
portant results. This is hoped to be presented in a subsequent 
communication. 

The author’s best thanks are due to Professors J. Stfirba-Bohm 
and J. Heyrovsky for their help and advice and to Dr. F. Ulrich 
for minerals kindly presented. 

Received December 15th, 1931. The physico-chemical Institute, 

Charles University, Prague. 

Summary. 

Current-voltage curves obtained with solutions containig comp¬ 
ounds of gallium, titanium, vanadium, niobium and tantalum were 
studied by means of the polarographic arrangement with the dropping 
mercury kathode. 

Gallium has been found to deposit at — 1*08 v. (from the normal 
calomel electrode) from dilute solutions of its trivalent salt in milli- 
normal hydrochloric acid. From ammoniacal solutions the electro¬ 
deposition occurs at ca. —15 v., whilst from solutions in alkali hy¬ 
droxides no kathodic reduction of gallates takes place. Gallium is 


4 
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polarographically observable in any excess of aluminium, and in 
the presence of amounts of about the same order of indium and zinc. 

Titanium causes in acidic solutions an increase of current at 

— 0’8 v., which is due to the reduction from the tetravalent to the 
trivalent stage. No reduction is observable in alkaline solutions. 

Vanadium when kept in acidic solutions in the tetravalent (blue) 
or trivalent (green) form is reduced at — 0 - 84 v. to the divalent 
stage. Pentavalent vanadium in acidic solutions oxidizes mercury 
and is reduced at 0*0 v. to the tetra-valent and further at — 0*8 v. 
to the divalent stage. From solutions of alkali hydroxides the vana¬ 
dates are reduced at — L80 v., whilst from ammoniacal solutions at 

— 1*50 v., which serves to distinguish vanadium polarographicaly 
from titanium, niobium and tantalum. 

Niobium in pentavalent compounds is distinctly reduced at 

— 0 - 83 v. from solutions in nitric acid, but not from hydrochloric 
acid, neither from alkaline solutions. This distinguishes it from its 
other analytical analogues. 

Tantalum pentoxide is not reducible at the dropping mercury 
kathode from its solutions in acids or alkalies. 

Applications to the analysis of some minerals are described. 
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POLAROGRAPHIC STUDIES WITH THE DROPPING 
MERCURY KATHODE. - PART XXVI. - THE DECREASE 
OF HYDROGEN OVERPOTENTIAL EFFECTED 
BY TRACES OF PLATINUM 

by I. SLENDYK. 

In a previous investigation J ) of hydrogen overpotential at the 
dropping mercury kathode it was found that the overpotential ge¬ 
nerally increases in the presence of neutral salts, the kations of which 
deposit at more negative kathode potentials than that of hydrogen 
deposition. 

In this work the influence of nobler metals on the overpotential 
was investigated. It was found that the formation of dilute amalgams 
of gold, silver, copper, lead and cadmium does not influence the 
hydrogen overpotential. 

However platinum and some other metals of the VIII. group of 
the periodic system produce an essential change in the shape of the 
polarographic curve obtained in acidic solutions. 

The influence of platinum was studied in more detail. It was 
found that the phenomena observed are highly sensitive to the pre¬ 
sence of minute traces of platinum so that the polarographic method 
can be employed even for a micro-analytic estimation of platinum. 

Experimental. 

The ordinary form of conical electrolytic vessels common in polaro¬ 
graphic investigations could not be used owing to the large layer of 
the mercury serving as anode which would remove all traces of platinum 
from the solution, forming instantly a platinum amalgam when in 
contact with the solution, especially on stirring. 

A sketch of the apparatus employed is given in Fig. 1. 

The vessel K served as the kathodic compartment of the electrolytic 
cell. The rubber stopper of this vessel had two borings; one served 
for the insertion of the capillary tube of the dropping mercury kathode, 
through the second one passed the end of a burette. The mercury, 
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dropping from the capillary kathode, was collected in a narrow 
funnel at the bottom of the vessel K and was poured off from time 
to time. At the beginning of each experiment the electrolytic vessel 
was filled with a known volume of an acidic solution containing no 
platinum salt. The burette B was filled with the same solution as 
kept in the vessel K but with the addition of a known amount of 
platinum salt or chloroplatinic acid. 



Fig. 1. 


The anodic compartment A' was connected to the vessel K by 
means of a tube with a tap (/) of a wide bore. As anode served 
a layer of mercury at the bottom of the anode compartment, the 
mercury being here covered with the calomel paste to insure the 
constancy of the anode potential during electrolysis. The anode 
compartment was filled with the same solution as in the vessel K. The 
normal calomel electrode C was connected by a saturated potassium 
chloride bridge with the anode in A and served to control the anode 
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potential. The solutions in compartments K, A and in burette B were 
freed of air by bubbling nitrogen gas through them for 2—3 hours 
before each experiment. Nitrogen was used from a bomb, but before 
passing it to the electrolytic vessel it was purified in a series of 
wash bottles containing solutions of sodium sulphite, sodium thio¬ 
sulphate and alkaline pyrogaliol. Three wash tubes (80 cm high) were 
sufficient to completely eliminate the traces of oxygen present in nitro¬ 
gen gas. The absence of oxygen in the purified gas was proved by 
special polarographic tests. For the present purpose hydrogen could 
not be employed for the removal of air dissolved in solutions be¬ 
cause of its reducing action on the platinum salts. 



Fig. 2. 

The current-voltage curves of hydrogen deposition. 

Curve 1.0T » 7/67 in H,0 

» 2.0-1 n HCl > 5 X 10 m PtCt, 

, 3 . 0*1 n JlCt > 1 X 10— s m 1‘tGl , 

, 4.0-1 n HCl » 2 X 10—' >» PtCl, 

» 5.0T n HCl » 4 X 10 ' »< IHCl, 

» 6.0-1 « HCl » 8 X 10—' m ItCl, 

Sensit. 

The method of procedure. 

The polarographic curve of say, 0.1 n. hydrochloric acid shows 
that a perceptible kathodic deposition of hydrogen begins at the 
kathode potential — 1-225 volt (Fig. 2, curve 1). When, however 
a small amount of a dilute platinic chloride solution is added to this 
acid so that the resulting solution contains 5X 10 -6 ^-molecules of 
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PtCU per litre a small “wave” appears on the current-voltage 
curve at the potential of — 100 volt (Fig. 2, curve 2). A further 
increase of the concentration of platinum salt effects a regular increase 
of this wave (curves 3 to 6). 

Now the following facts prove that this increase of the current 
cannot be caused by direct deposition or reduction of platinic ions: 

1. The reduction and deposition of platinum takes place at considerably 
positive kathode potentials, i. e. at the very beginning of the curve. 

2. The wave observed on the poiarograms cannot be ascribed to 
the reduction of platinum because the concentration of platinum 
salt is so small, that the limiting current of platinum deposition 
can be hardly perceptible on the curve. It must be borne in mind 



Curve 1:5.10— 1 n IICl in 10 ~ n CdCL 
* 2:5.10 ' n UCl < 10 n PtCl, 

that the limiting currents of the deposition of metals are propor¬ 
tional to their concentration in solution and, usually, the solutions 
containing 10"-^-equivalents of metallic ions per litre of solution 
give on the curve a “wave” ’4 cms high when the sensitivity of 
the galvanometer is 5 X 10 -8 amp. per mm of the scale 1 m distant. 
The concentrations of platinic salts employed in this work were 
generally much smaller and therefore the wave observed in acid 
solutions in the presence of traces of platinic ions could not be 
due to the deposition of platinum. Polarogram Fig. 3 can be ad¬ 
duced as an example: Curve 1 represents the “wave” due to cad¬ 
mium deposition from a 10~ 3 n. CdCl 2 solution; curve 2 was 
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obtained with 0’5 n hydrochloric acid containing 10 -4 n. PtCl 4 ; 
it is seen that although the concentration of platinic ions is 10 times 
smaller than that of cadmium ions, the wave produced in the pre¬ 
sence of platinic ions is almost twice as great. 

3. The wave mentioned above increases with increasing concentration 
of hydrions, the amount of platinic salt in solution being kept 
constant. 

These facts lead us to the conclusion that the wave observed in 
acid solutions in the presence of platinic salts is due to hydrogen 
deposition catalyzed by the electro-deposited platinum. The current- 
voltage curve shows in this case two steps in the deposition of 
hydrogen: the first occuring at a lower kathode potential (—l - 0 v.), 
due to catalysis of hydrogen deposition by the electrodeposited pla¬ 
tinum atoms, and the second taking place at the potential, at which 
deposition of hydrogen proceeds in the absence of platinum. 

The limiting currents of the first (catalyzed) step of hydrogen de¬ 
position were studied in hydrochloric acid solutions in the range 
from 10' 4 n. to 8 n. The phenomenon was investigated also in other 
acids. In acids of approximately the same ionic strength as in hydro¬ 
chloric acid the effect of platinum salt addition is the same; in weak 
acids the “wave” is smaller, which is due to the smaller concentra¬ 
tion of hydrions. The measurements could not be made in solutions 
of nitric acid because of the electroreduction of this acid, which 
complicates the course of electrolysis. 

A theoretical explanation of the phenomena observed will be 
given in a special paper. In this communication chiefly some analy¬ 
tical applications will be described. 

The dependence of the limiting current of the catalyzed hydrogen 
deposition on the concentration of platinum salt in solution. 

The height of the limiting current of the catalyzed hydrogen de¬ 
position is approximately proportional to the concentration of platinum 
salt as seen from Fig. 2, and Table I. 

Table I. 

The limiting currents of the catalyzed hydrogen deposition from 
aqueous solutions of hydrochloric acid. The figures represent the 
deflection of the galvanometer mirror in mm of the scale. The sensi¬ 
tivity of galvanometer was 5 X 10~ 8 amp., 1 mmjm. 



Concentration of HCl 
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Cone, of PtCl 4 

0 5 n. 

01 n. 

0-05 n. 

001 n. 

0-005 n. 0.001 n. 

5 X 10~ 6 mol. 

15 

10 

4 

2 

15 — 

1 X 10 5 mol. 

25 

25 

7 

3 

3 — 

2 X lO- 5 mol. 

45 

32 

12 

5 

4 2 

4 X 10 5 mol. 

81 

52 

19 

8 

— 3 


The dependence of the limiting current on the concentration 

of hydrions. 

The limiting current depends also on the concentration of free 
hydrogen ions. This dependence is, however, not a simple one, as 
seen from Table 1. and the diagram, Fig. 4, where the observed limiting 
currents are plotted against the corresponding logarithms of the con¬ 
centration of hydrochloric acid. (The concentration of platinic chloride 
for each curve is constant.) 



•3 -2 -1 « 

log vm 

Fig. 4. 


Dependence of the catalyzed current on the concentration 
of hydrions and platinic chloride. 


Moreover, this limiting current decreases with the addition of 
neutral salts. The trivalent kations are in this respect more effective 
than monovalent ones. (Similar effects of neutral salts were observed 
for the limiting currents of the non-catalyzed hydrogen deposition 
at the dropping mercury kathode. 8 ) 
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The following Table II. gives limiting currents of the catalyzed 
hydrogen deposition from 0.5 n. HCl in the presence of neutral salts. 
The figures represent the deflection of the galvanometer mirror in 
mms of the scale. Sensitivity of the galvanometer 5 X 10~ a amp .\mm\m. 


Cone, of l*tCl t 

water 

U J II. J 

0-1 n. KCl 

LX v U 1 a Ml 1 V CU III. 

0*01 n. HaCl, 

01 n. 

5 X 10 -6 mol. 

15 

11 

14 

7 

1 X 10~ 5 m ol. 

25 

20 

23 

13 

2 < 10 _r ‘ mol. 

45 

35 

45 

22 

4 X 10“ 5 mol. 

81 

62 
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Application to the micro-analytical estimation 
of platinum. 

Considering the extreme sensitivity of the course of current- 
voltage curves to the presence of traces of platinum the following 
facts are of importance for analytical purposes: 

1. the height of the limiting current of the catalyzed hydrogen depo¬ 
sition is proportional to the concentration of platinum in solution. 



Fig. 5. 

Curve 1: 2 « HCl in 11,0 

» 2:2 n HCl » 1.10-" in PtCl t 

» 3: 2 n HCl » 2.10-' m I’tCl, 

» 4:2 n HCl » 4.10-" m PtCl, 

» 5:2m HCl » 8.10-" m HCl 

Fi|ll sensitivity of the galvanometer. 


2. the wave of the catalyzed hydrogen deposition increases conside¬ 
rably with increasing concentration of hydrions. Thus, in 2 n. 
hydrochloric acid the presence of 1 X 10'~ 7 ^r-atom of platinum 
per litre of solution can be proved with certainty. (Comp. Fig. 5.) 
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However, at smaller concentrations of the acid such small traces 
of platinum cannot be detected; hence 2 n. hydrochloric or sul¬ 
phuric acid is the optimal concentration for the micro-estimation 



Curve 1:2 n HCI in H.,0 

•> 2:2 n HCI with 5.10— m I’tCl 

» 3:2 n lift » 1.10 m I’tCl, 

> 4: 2 >i H( l > 1*7.10-" in I’tCl, 

Oalv. sensitjvity 



Curve 1: 10—' n HCI, 10— « BuCl 2 

» 2: 10- n HCI, 10- 2 n ItaCl, 4 - 5.10-° m 1 ‘tCl, 

3: 10- 1 ii. HCI, 10-- 2 n IiaCl, -1- 1 .10' in I’tCl 

> 4: 10 - 1 n HCI, 10— n BaCl, + 2.10— in I’tCl, 

» 5: 10— 1 n HCI, 10— n linCL -|- 4.10— m I’tCl, 

< 6: 10 - n HCI, 10 - 2 » BaCL -|- 8.10 5 m I’tCl, 

Galv. sensitivity 
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of platinum. When the concentration of platinum salt is increased 
to 10~ s gr-mol. per litre, the wave of the catalyzed hydrogen depo¬ 
sition in concentrated acids shows a maximum of the current. 
(Comp. Fig. 6.) A curve of such a shape is, however not suitable 
for quantitative estimation of platinum. Therefore, for concentrations 
of platinum above 5 X 10~ 7 mol. it is advisable to use solutions 
with a smaller concentration of hydrions. In this case OT to 0 - 5 n. 
hydrochloric or sulphuric acid suits the purpose best. Comp, 
polarograms Fig. 2. and 7. 

Examples of the detection of traces of platinum in chemical reagents 

and in minerals. 

1. It was found that pure palladium salts do not catalyze the hydrogen 
deposition at the dropping mercury kathode even when present 
in the concentration of 10 J< ^r-equiv. p. litre. Some specimens of 
palladium salts show, however, a small wave of catalyzed hydrogen 



Fig. 8. 

Curve 1 : it. IfCl, 2.10-' 1’ilCL 
» 2: n. fICt, 4.10-* m I'dU. 

Galv. sens. 


deposition which is undoubtedly due to the presence of a trace 
of platinum. An example of this is shown on the polarogram 
Fig. 8, which represents the current-voltage curves of 2 X 10“ 4 n. 
and 4 X 10~ 4 n. solutions of palladous chloride in 2 n. IICl. In 
order to determine approximately the percentage of platinum in 
the specimen of palladous chloride employed, the height of the 
“wave” of the catalyzed hydrogen deposition observed on this 
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polarogram was compared with the height of the same wave 
obtained with a solution of 2 n. HOI. containing a known amount 
of platinic salt. It was found that the wave on the polarogram 
Fig. 8. corresponds to about 4X 10 6 mol. p. 1. of platinic salt; 
hence the amount of platinum in the palladous chloride specimen 
was estimated to be about 2 per cent. 

2. When studying the influence of neutral salts on the catalyzed 
hydrogen deposition it was found, that reagents of different origin 
were more or less contaminated with platinum salts. It is notable 
that natural salts do not in this respect show the presence of 
platinum, whereas chemically pure and specimens “pro analysi”, 
contained as a rule, traces of platinum. Thus the author has 
investigated the rock salt and natural potassium chloride of the 



Curve 1: pure ». 7/67 

i 2:2 m NaCl in «. IICl 
Solution prepared from the rock salt of Paraid. 

following origin: Strassfurt, Ansee, Kalusz, Paraid and several 
others.*) These minerals were dissolved in 2 n. HOI. All current- 
voltage curves showed practically absence of platinum. A typical 
example is shown in the polarogram Fig. 9. Further, the solutions 
prepared from Merck’s specimens of KOI, NaCl, BaCl 2 were 
similarly found practically free from platinum. On the other hand, 
the specimens supplied by Kahlbaum contain in general appre¬ 
ciable amounts of platinum, as may be seen from the following 

*) The crystals of these minerals were kindly supplied by Professor J. §terba- 
Bohm (Institute of Pharmaceutical and Applied Chemistry, Charles Univ.) and by 
Dr. Orlov (Mineralogies! Institute, Charles University), to whom the author’s best 
thanks are due. 
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examples. Curve 1 of the polarogram Fig. 10, obtained from 0 5 n. 
sulphuric acid shows that this solution did not contain any trace of 
platinum. When in the same solution potassium chloride of Kahl- 
baum was dissolved, the current-voltage curve showed a wave of 
the catalyzed hydrogen deposition. Polarogram Fig. 11. is a similar 



Fig. 10. 

Curve 1 : 5.10— 1 n I/..S0 , in H.,0 
» 2: 5.10-' u » O-35/i KCI 

(Kahlbauin’s potassium chloride.) 

example: here curve 1. was obtained by dissolving Kahlbaum’s 
potassium chloride in hydrochloric acid. This curve shows the 
characteristic wave of catalyzed hydrogen deposition. This was 
further confirmed, when to the same solution a small amount of 



Fig. ll. 

Curve 1: n. MCI, 10 ' n KCI 
.> 2: n . IICl, 10-’ « KCI +V2. 10-* »< PtC3 t 
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platinic salt was added: this addition produced an increase of the 
wave. Fig. 12. (curve 2). To show in another way that this wave 
is effected by a trace of platinum, two solutions were prepared: 



Curve 1: 0'5 n KCl [Kahlbaum], O'l n HCl 
» 2: 0'5 » KCl » , 0-5 11 HCl 


one containing 0 - 5 n. KCl in 01 n. HCl and another 0'5 n. 
KCl in 0*5 n. HCl. The polarogram Fig. 12. clearly shows that 
the wave is considerably larger in the more concentrated acid 



I I ! I , i i 1 I I * i 

Fig. 13. 

Curve 1: 0'5 n KCl [Kahlbaum], O'l n HCl 
» 2: 0'5 n KCl |Merck], O'l » HCl 


solution, as is the property of the “wave” catalyzed by platinum. 
The difference in the purity of specimens manufactured by the 
two firms may be judged by comparing the following current- 
voltage curves of hydrogen deposition (Polarogram Fig. 13.). 















347 


Curve 1 was obtained with K a h I b a u m’s potassium chloride, curve 
2 with Merck’s specimen. (The zero point of curve 2 is shifted 
to the right.) The voltage, at which the catalyzed hydrogen depo¬ 
sition occurs, is indicated by arrows: it is seen that Merck’s 
specimen contained a very small trace of platinum (small wave 
on curve 2), whereas Kahlbaum’s specimen had a larger 
amount of platinum. These examples suggest that the cause why 
the measurements of hydrogen overpotential on mercury, as re¬ 
ported by different authors, widely disagree, is to be sought in 
the contamination of the solutions by minute traces of platinum 
originating from contacts, electrodes or reagents. 

The origin of the traces of platinum in pure chemicals. 

Since the raw materials of which the chemically pure reagents are 
manufactured do not contain platinum, the chemicals must become 
contaminated with platinum during some stage of their purification 
process. As a possible source of this contamination may be metallic 
platinum dishes and spoons which are widely used in chemical labora¬ 
tories This explanation was substantiated by the following experiments: 



Fig. 14. 

Curve 1: n.HCl , 0*3 m K.SO^ 

* 2: >t . HCly 0*3 m K\S() ,, lO-* m PtCl 4 


1. A platinum foil of 60 sq. cm surface was heated in the flame of 
a gas burner, washed in strong hydrochloric and nitric acid succes¬ 
sively, and thoroughly rinsed with distilled water. The foil was then 
immersed into a boiling solution of potassium sulphate and kept 
there for 1 hour. This solution was then acidified with hydrochloric 
acid and investigated polarographically in the vessel Fig. 1. The 
current-voltage curve of this acidified solution (See Fig. 14, Curve 1) 
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shows clearly the presence of a trace of platinum as indicated 
by the characteristic “wave"’. Again an addition of a dilute solu¬ 
tion of platinic chloride produced an increase of this wave, thus 
proving that the wave was actually due to the presence of pla¬ 
tinum. (Neither the polarographic curve of the initial potassium 
sulphate nor that of the hydrochloric acid showed this wave.) 

2. A sample of technical sodium chloride was several times recrystal¬ 
lized. On dissolving this salt in 1’09 n. hydrochloric acid no trace 
of platinum could be detected. However, when a platinum foil 
was kept in a boiling saturated aqueous solution of this salt, the 
ensuing solution in 1'09 n. HCl indicated on electrolysis the pre¬ 
sence of platinum. Again an addition of a drop of platinic chlo¬ 
ride solution produced an increase in the wave of catalyzed hy¬ 
drogen deposition. 



111 “ 


2: 2 n HCl after being in contact with Pi for 7: min. 
3:2 n HCl » » » » » Pt for 15 min. 

Solution electrolyzed open to the air. 


3. These experiments were repeated many times with the same re¬ 
sult. It was found, that traces of platinum can be detected even 
in the case when the platinum foil is kept for some time in cold so¬ 
lutions of sodium chloride, potassium chloride or sulphate, and 
of hydrochloric and sulphuric acid. Even a very brief contact of 
platinum with acid is sufficient to contaminate the solution, as 
may be seen from the polarogram Fig. 15. These solutions were 
not freed from air, so that the curves show considerable oscil- 
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lations due to the reduction of oxygen. Nevertheless, it is clearly 
shown that platinum dissolves in 2 n. llCl in an appreciable amount 
on a very short contact with the acid. Curve 1 on this polaro- 
gram was obtained with pure acid; curve 2 with the same so¬ 
lution after an immersion of platinum for V., minute; curve 3 
after 15 minutes of contact with the platinum foil. After this ex¬ 
perience, viz. that “waves” appear on curves in acidic solutions 
around — 1*0 n. which are not due to the deposition of any 
metal but merely to the lowered overpotential of hydrogen, it 
would seem futile to draw any analytical conclusions about the 
presence of zinc, nickel or tungsten, which deposit at that kathodic 
potential. Vet in ordinary analytical investigations with the drop¬ 
ping mercury kathode these phenomena due to traces of platinum 
cannot occur, since the solutions are usually kept in contact with 
the large surface of the mercury anode and, moreover, hydrogen 
is passed through them for several hours; these two agents, of 
course, entirely remove any traces of platinum from the solution. 


Our experiments thus prove beyond doubt that even a very short 
contact of platinum with an acid solution produces a considerable 
change in the current-voltage curve. 

The fact that minute traces of platinum enormously influence the 
hydrogen overpotential was not fully realised by the investigators 
of this phenomenon. 

Almost in every investigation of overpotential metallic platinum 
was used for contacts or for auxiliary electrodes. Now it can be 
easily understood why the reproducibility of such measurements was 
so poor in earlier investigations, and why the value of overpotential — 
as reported by various investigators — was in general considerably lower 
than that observed at the dropping mercury kathode, which may be 
kept absolutely free from any trace of platinum. 4 ) 

The author wishes to express his best thanks to Professor J. Hey- 
rovsk^ and Dr. P. Herasymenko for their kind help and advice 
in carrying out this research. 
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Summary. 

1. In the presence of minute amounts of platinum salts, the depo¬ 
sition of hydrogen at the dropping mercury kathode proceeds at 
two distinct overpotentials; the lower one, at about — 1*0 v., is 
due to a hydrogen deposition catalyzed by the electrodeposited 
platinum atoms; the second overpotential is that .of the pure 
mercury kathode. 

2. The limiting current of the catalyzed hydrogen deposition depends 
on the content of platinum salt and on the concentration of hydrions. 

3. The catalytic effect of platinum in the hydrogen deposition can 
be used for estimation of traces of platinum by means of the 
polarographic method: as small amounts as 10 -7 ^r-atoms of pla¬ 
tinum per litre of solution can be detected. In this way many 
purified reagents were shown to contain traces of platinum. 

4. Metallic platinum dissolves in acid and neutral aqueous solutions 
in amounts, which considerably modify the shape of the current- 
voltage curves of hydrogen deposition. 
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sur la reduction Electrolytique des p yrrolones 

ET DES /L-PYRROLINES 

par R. LUKES. 

Dans mes notes anterieures, 1 ) j’ai montrfi qu’on peutaisement passer 
des 2-pyrrolones 1.5-bisubstituees (II b) aux acides 7 -cetoniques et 
aux acides gras qui leur correspondent, par des transformations basees 
sur I’hydrolyse des pyrrolones. J’ai signale, de plus, de quelle fagon on 
peut utiliser ces memes pyrrolones pour la synthese, moyen du reactif 
de Orignard, des pyrroles 1 . 2 . 5 -trisubsiitues eventuellement des 
dicy tones 1.4. 2 ) 

Dans la presente communication, je rends compte des premiers 
resultats des essais relatifs a la reduction des pyrrolones pour laquelle 
j’ai choisi le precede electrolytique tel qu’il a ete mis au point par 
Tafel et ses collaborateurs. 8 ) 

Avant tout, j’ai rSduit la l-methyl-5-ethylpyrrolone (11 b, li — (J 2 1I ; ,). 
C’est en effet un corps fort soluble dans l’eau et dont on peut ais£ment 
preparer une solution it 30"/ 0 qui se prete par consequent bien a I’ytude, 
parce qu’elle permet de mesurer sans difficulty les rendements initiaux 
du courant. Toutefois, comme les pyrrolones en solution aqueuse, 
surtout en presence d’acides, fixent 1 ’eau par addition en donnant des 
hydroxypyrrolidones, j’ai encore soumis £ la reduction la l-m 6 thyl- 
5-benzyl-pyrrolone-2 (II b, 11 — C-J1-) qui, elle, est stable vis-jl-vis de 
I’eau, et la l-methyl-5-ph^nyl-5-hydroxypyrrolidone-2 (II a, B — C 6 H r> ) 
comme forme hydratee bien d^finie de la l-methyl-5-ph6nyl-pyrrolone-2 
(II b, Ii — VJl-r), chez lesquelies le peu de solubility dans l’eau m’a 
oblige d’operer avec une suspension. 

Comme produits, j’ai constate dans les trois cas d’une part la 

1- mythyl- 5 -ythyl (benzy), phenyl)-pyrrolidone- 2 , d’autre part, la l-mythyl- 

2- ythyl (benzyl, phynylj-pyrrolidine. Les formules des corps initiaux 
et des produits (II b, III, VI) feraient croire que la methyl-alcoyl-pyrroli- 
done (III) constitue le produit intermydiaire dans la ryduction de la 
mythyl-alcoyl-pyrrolone en mythylalcoylpyrrolidine. Mais le rapport 
quantitatif des deux produits ytait le meme dans tous les essais de 
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reduction' operas sur une meme pyrrolone, independemment de 
la quantite du courant transmis par Ie liquide. L’interpretation la plus 
simple de cet arret de la reduction serait d’admettre qu’en solution 
acide la methylethylpyrrolidone se saponifie partiellement en acide 
y-methylamino-capronique: 


I I 

CO CH—CMz 

\ / 

N 

I 

67/ s 


CH.—CH, 

I I “ 

H,0 — IIOOO CH—CMi 

/ 

NH 

I 

(IIL, 


L’acide y-methylamino-capronique, incapable d’une reduction ulte- 
rieure, reste tel quel dans les produits, et ce n’est que lors de la 
distillation finale qu’elle redonne la pyrrolidone correspondante. De 
maniere semblable E. Spaeth*) explique, lui aussi, pourquoi dans la 
succinimide un seul groupe carbonyle subit la reduction. Si on admettait 
cette explication, la methylethylpyrrolidone pure devrait fournir une 
quantity de m&hylethylpyrrolidine au moins egaleacelle formee dans 
la reduction de la methyl6thylpyrrolone. Cependant, il n’en est pas ainsi. 
Lors de l’essai de reduire ladite pyrrolidone aucune consommation 
cathodique d’hydrogene n’a pu etre observee. On n’a pu non plus 
isoler de produit de reduction de ce corps, mais la totalite de la 
pyrrolidone mise en oeuvre a ete recuperee. 

On peut done affirmer que dans les conditions de Pexperience la 
methylethylpyrrolidone ne subit pas la reduction. Les deux produits 
de reduction, la l-methyl-5-ethyl-2-pyrrolidone et la l-methyl-2-ethyl- 
pyrrolidine, sont a etre considers non pas comme des stades differents 
de la meme reaction mais comme des stades finaux de deux reactions 
distinctes ayant lieu 1’une a cote de l’autre. 

La m^thylethylpyrrolone (II b), respectivement sa forme hydratee (II«) 
presente deux endroits oh la reduction pourrait avoir lieu: C’est d’une 
part la double liaison de la pyrrolone ou le groupe oxhydryle de 
1’hydroxypyrrolidone, d’autre part, le carbonyle lactam ique; selon que 
la reduction porte sur 1’un et ou I’autre endroit, on arrive soit k la 
methylethylpyrrolidone, soit k la methylethyl-J^-pyrroline (ou sa forme 
hydratee V a). De ces deux corps la pyrrolidone ne se reduit toutefois 
pas, tandis que les zL-pyrrolines, comme il est connu, 6 ) subissent la 
reduction avec beaucoup de facility, par exemple dejii au moyen de 
1’etain en presence d’acide chlorhydrique. Toutefois, la reduction eiectro- 
lytique des pyrrolines, notamment de celles en question, n’ayant pas 
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jusqu’ici 6te effectuee, je l’ai comprise elle aussi dans le cadre du present 
travail. Deux de ces trois pyrrolines, a savoir la l-methyl-2-ethyl-4>- 
pyrroline et la l-methyl-2-ph£nyM 2 -pyrroline, avaient deja ete preparees, 
dans le temps, par moi, en faisant agir le r£actif de Grignard sur la 
l-methyl-pyrrolidone-2, 7 ) de sorte qu’il ne restait plus qu’a preparer 
par la meme methode la l-m£thyl-2-benzyl-4rPyn*oline. 

A partir de la l-methyl-5-ethylpyrrolone-2, j’ai obtenu, comme je 
Tai deja dit plus haut, la l-methyl-5-ethyIpyrrolidone-2 inconnue jusqu’a 
present et qui par chauffage avec Pacide chlorhydrique fumant se 
dedouble en acide ;'-methylamino-capronique. Le second produit de 
cette reduction est deja connu: il a ete prepare par Loffler en faisant 
agir Pacide sulfurique sur le 3-(m£thylbromoamino)-hexane. L’accord 
entre mon produit, obtenu par reduction de la pyrrolone correspon- 
dante, le produit obtenu en reduisant la /l 2 -pyrroline, et les indications 
de Loffler est suffisant. La l-methyl-5-phenyIpyrrolidone et la 
l-methyl-5-benzylpyrrolidone sont des corps nouveaux, comme aussi 
les deux pyrrolidines que j’ai egalement preparees par les deux voies 
illustrees, en tenant compte de mes recherches anterieures dans cette 
serie, par le schema suivant: 
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La reduction de II en V constitue probablement un stade inter¬ 
mediate de celle de II en VI. Quant k la reduction de III en V, je 
n’ai pas r£ussi k la rdaliser. 

Les reactions que je viens de d£crire peuvent servir k la preparation 
des pyrrolidines 1 - 2 -bisubstituees, difficiiement accessibles jusqu’ici. 
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Leur extension a la s£rie homologue, c’est-a-dire la substitution de 
I’imide iV-methylglutarique k la iV-methylsuccinimide avec R — C S H 7 
devrait conduire aux bases de la famille de la coniine. Toutefois, 
dans la s£rie methylglutarimidique les choses sont en maint point 
differentes. Elies feront l’objet d’une etude ulterieure. 


Partie experimental. 

Reduction de la 1 -methyl-5-etliylpyrrolone-2. 

a) En appareil cl os. — 25 gr de pyrrolone, dissous dans 
l’acide sulfurique a 50% et ramenes par le meme acide a 100 cc, ont 
ete reduits dans l’appareil clos de Tafel qui pour une capacity catho- 
dique de 100 cc avait une surface cathodique utile de 1 dm carre. 
La consommation du courant en ampere-heures a ete deterniin£e au 
moyen du compteur »Stia«, l’hydrogene degage a la cathode a ete mesure 
par le gazometre employe couramment lors des travaux calorimetriques. 
Les r^sultats des mesures sont rassembles dans le tableau: Dans la 
premiere colonne An designe le nombre total d’amperes-heures trans- 
mises a travers l’electrolyte, dans la seconde, A Ah est l’accroissement 
d’amperes-heures entre les diverses mesures, dans la troisieme, V donne 
le volume total d’hydrogene mesure pendant l’^lectrolyse, dans la 
quatrieme, An designe les accroissements de volume dans les divers 
intervalles, dans la cinquieme, les volumes sont ramenes de la tem¬ 
perature de 23° a de la pression de 750 mm aux conditions normales. 
Dans la derniere colonne, enfin, figure le volume d’hydrogene mis 
en liberte par le courant de 1 ampere-heure. 


Ah 

A Ah 

t T 23", 750 

A 1*23°, 750 

A Vr, 760 

AY 

A Ah 

2 

2 

125 

125 

111 

56 

6 

4 

251 

126 

111 

28 

8 

2 

364 

113 

100 

50 

10 

2 

429 

65 

57 

29 

14 

4 

904 

457 

420 

105 

17 

3 

1749 

845 

748 

249 

22 

5 

3400 

1750 

1548 

309 

26 

4 

5420 

1920 

1700 

425 

29 

3 

6720 

1300 

1150 

383 

43 

14 

13480 

6760 

5975 

427 


Etant donne que 1 amp.-heure degage, dans les conditions normales, 
417 cc d’hydrogene, on voit que dans les 10 premieres amp.-heures 
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1’utilisation du courant est en moyenne de 90%; a partir d’ici 
elle s’abaisse successivement, de sorte qu'apres 26 amp.-heures la con- 
sommation d’hydrogene devient nulle. II en ressort que les corps 
contenus dans l’electrolyte ne subissent plus de reduction ulterieure. 

Le liquide cathodique a ete rendu alcalin par tin grand exces de 
baryte caustique, puis distiliy dans tin courant de vapeur d’eau aussi 
longtemps que le distillat montrait une reaction alcaline. Ce dernier 
a ensuite £te acidifie par de I’acide chlorhydrique et evapory a sec. 
De cette maniere j’ai obtenu 10 gr environ d’un chlorhydrate de base 
organique. 

Le residu apres la distillation a ete debarrasse du sulfate de baryum 
par filtration, le filtrat a yty concentre & faible volume. L’ion baryum 
residuel a ete elimine par de l’acide sulfurique, ce dernier par du 
carbonate de plomb, I’ion plomb par I’hydrogene suifure. Apres eva¬ 
poration du reste d’eau le n-fsidu sirupeux a ete distille sous pression 
reduite. II passait entre 120 et 130°. 

En vue de l’etude des produits obtenus la preparation a ete repetee 
sur une echelle plus grande. La reduction a ete operee dans un 
appareil ouvert a surface cathodique utile de 4 - 7 decimetres carres. 
Comme catholyte on a prepare une solution de 150 gr de methyl- 
ethylpyrrolone dans l’acide sulfurique de densite l - 4 qu’on a ramenee 
a 750 cc. La reduction etait effectuee par un courant d’environ 25 amp. 

Au debut, il est avantageux de choisir une intensity plus forte 
(50—60 amp.), plus tard, & mesure que le liquide commence a mousser, 
on rabaisse l’intensite. Apres que la consommation de courant eut 
atteint 340 amp.-heures, 1’electrolyse a yty interrompue, et les produits 
ont ete isoles comme ci-dessus. En raison de la volatility considerable 
de la methylethylpyrrolidone avec la vapeur d’eau, toutes les solutions 
aqueuses ytaient concentrees par distillation sur une colonne de verre 
si 12 etages. La quantity de pyrrolidone ainsi captye atteignait presque 
30% du produit total de cette preparation. 

Le rendement total etait d’environ 15 de methylethylpyrrolidine 
pure, isoiee a l’etat de picrate, et de 70 gr de l-methyI-5-ethylpyrro- 
lidone. 

La methylethylpyrrolidine, obtenue d’abord sous forme de son 
chlorhydrate, a ete mise en liberty (18 gr). Elle ne presentait pas un 
point d’ebullition net mais distillait entre 100 et 130°, et dans le ballon 
distillatoire restait m^rne un petit residu bouillant encore plus haut. 
La fraction ci-dessus a yty transformye en picrate qui, recristallis6 suc¬ 
cessivement dans 1’eaU et dans l’alcool, fondait k 171°. Du picrate 
pur on a refait par HCl diluy le chlorhydrate, I’acide picrique a ete 
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enleve a la solution par des epuisements r£petes au nitrobenzene et 
a lather. Le liquide aqueux a £te ramen£ & faible volume, la base 
a et£ mise en liberte par de Palcali concentre et epuisee a Father. La 
solution etheree a et£ s£chee par de la potasse solide, le solvant a 6te 
chasse, et la base r£siduelle a et6 distiilee au moyen d’une colonne 
de Widmer. Son point d’6bullition £tait de 123°. Une petite portion 
en a 6te transformee en chloroaurate qui fondait a 108° apres re- 
cristallisation dans i'alcool dilue. 

Analyse: 

Substance: 10*832 mgr, An 4708 mgr. 

C-jH^XCl.Au (453-2): Calcule Au 435 °/ 0 . 

Trouve Au 43-5%. 

Une autre portion de la base a ete transformee, par chauffage 
a 100° avec une solution de chlorure de methyle dans I’alcool 
methylique, en chloromethylate qui resta apres evaporation du solvant 
sous forme d’une masse cristalline deliquescente. II m’a servi a pre¬ 
parer, par action de chlorure platinique, le chloroplatinate de 
1 . l-dimethyl-2-ethylpyrrolidinium. 

Ce sel commence a brunir vers 245° et se decompose au-dessus de 
250° (il ne fond pas, contrairement k (’indication de Loffler). 

Analyse: 

Substance: 10-303 mgr, Pt 3-000 mgr. 

C u JI*Jt»Cl 6 Pt (664-3): Calcule Pt 29’4°/ 0 . 

Trouve Pt 29-1%, 

La 1-methylithylpyrrolidone distillait apres plusieurs rectifications, 
entre 229 et 230° (corn). Sa densite £tait 0-9939, Ies indices de 
refraction: 

n u — 1-47073, n„ = 1-47353, n fi = 1-48058, n y = 1*48652 

Analyse: 

Substance: 0 3626 gr, 0-2005 gr; CO» 0*8803 gr, H z O 0*3380 gr, 

Nz 20-0 cc (14-7 J , 729 mm). 

C-.H^ON (127-11): Calculi C 66-1%, H 10-3%, N ll*0°/ 0 - 
Trouv£ C 66-2%, H 10-4%, N ll*2°/ 0 . 

Le dedoublement hydrolytique de cette pyrrolidone fournit Vacide 
y-mithylamino-capronique. 

Pour I’op6rer completement, on chauffe a 180° avec 1’acide chlor- 
hydrique concentre. Si la temperature depasse 200°, il y a, en outre, 
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detachement de m£thyle sous forme de chlorure de mSthyle. Dans 
le premier cas, l’£vaporation de la solution chlorhydrique donne le 
chlorhydrate de l’acide j--methyIamino-capronique qui se solidifie apres 
un sejour suffisant dans le dessiccateur et se laisse recristalliser par 
addition d’un exces d’ac6tone seche a la solution faite avec le minimum 
d’alcool absolu. 

Analyse: 

Substance: 13'603 mgr, X, 0 - 944 cc (23°, 743 mm). 
('iH ie O a N('l (181-6): Calcule X 7-7%. 

Trouve N 7-8%. 

Essai de reduction £lectrolytique de la 
1-methyl - 5-ethylpyrrolidone. 

25 gr de pyrrolidone, dissous dans 100 cc d’acide sulfurique ck 50%, 
sont reduits, en appareil clos, dans les memes conditions que celles 
indiquees plus haut. Des le debut de I’electrolyse on observe 
un fort d£gagement d’hydrogene produisant des mousses et 
qui pendant un certain temps empeche la mesure exacte de l’hydro- 
gene. Apres consommation de 34 amp.-heures I’£lectrolyte est traits 
comme dans le cas precedent. On n’obtient pas une quantite ap¬ 
preciable de m£thylethylpyrrolidine, au contraire, on r6cupere 16 nr 
de pyrrolidone inattaquee, meme si aucune precaution n’est prise 
lors de l’evaporation des solutions. On peut done conclure que la 
pyrrolidone ne se laisse par reduire de la maniere decrite. 

Reduction electrolytique de la 1 -methy 1-2-^thyl- 
_l,-pyrroline. 

Elle a et^ operee, en appareil clos, avec 23 gr de cette pyrroline 
dissous dans l’acide sulfurique a 50° 0 de maniere & ce que le volume 
total fut de 80 cc. Le degagement d’hygrogene est donne dans le 
tableau suivant: 


Ah 

A Ah 

1*23", 731 

A F23", 731 

& 

a. 

J r 
A Ah 

2 

2 

80 

80 

69 

35 

5 

3 

150 

70 

60 

20 

7 

2 

360 

210 

181 

91 

9 

2 

860 

500 

431 

216 

12 

3 

1800 

940 

809 

270 

14 

2 

2860 

1060 

961 

451 

23 

9 

7060 

4200 

3610 

401 
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De Pelectrolyte alcalinis£ les bases ont et£ expuls£es par un courant 
de vapeur d’eau, puis transform£es en chlorhydrates. De ces derniers 
on a, par un exces d’alcali, mis en liberte les bases qu’on a epuis£ 
a l’ether, etc. La distillation avec une colonne de Widmer a donn£ 
une fraction principale bouillant constamment a 123 ft . Avec une petite 
portion on en a prepare le picrate. II fondait a 171" et ne pr£sentait 
aucune depression du point de fusion en melange avec le picrate prepare 
a partir de la base obtenue par reduction de la pyrrolone respective. 

De meme le chloroaurate (p. de f. 108°) ne montrait pas de telle 
depression en presence d’un produit prepare comme ci-dessus. 

Analyse: 

Substance: 5'530 mgr, An 2’4U2 mgr. 

(.yfnNCUAit (453-2): Calcule An 43-5"',,. 

Irouve Au 43-4". n . 

Une autre portion a servi a preparer le chloroplatinate du chloro- 
methylate. Le sel complexe obtenu noircissait vers 245° et se de- 
composait au-dessus de 250’. 

Analyse: 

Substance: 14-969 mgr, Ft 4399 mgr. 

(\Jl :m NJ\Pt: Calcule Ft 29-4" ,,. 

Trouve Ft 29*4'V 0 . 

A titre de comparaison je donne ici, en un tableau, les propri£tes 
de la methylethylpyrrolidine prepare par Loftier et celles du produit 
obtenu d’une part en r£duisant la methylethylpyrrolone, d’autre part, 
par reduction de la m6thylethyl-J 2 -pyrroline. 


Produit 

de Loftier 

obtenu a partir 
de la pyrrolone 

obtenu a partir 
de la .'Vpyrroline 

point d’ebullition 
point de fusion 

122—123° 

123° 

123° 

du picrate 
p. de f. du chloro¬ 

170° * 

171° 

171° 

aurate 

112° 

108° 

108° 

p. de f. du chloro¬ 

a 243° 

a 245° 

tt 245° 

platinate du chlo- 

brunissement 

brunissement 

brunissement 

romethylate 

& 250° fusion 

au-dessus 

au-dessus 



de 250° 

de 250° 



decomposition 

decomposition 
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Reduction Slectrolytique de la 1 -m£thyl-5-phenyl- 
5-hydroxypyrrolidone-2. 

50 gr de substance ont et£ dissous dans 100 cc d’acide ac&ique 
anhydre, puis ramen£s au volume total de 1 litre par Pacide sulfurique 
a 30%. La reduction etail operee a une intensity de 10 amp. jusqu’a 
ce que la totalite de la substance fut entree en solution. Par traitement 
habituel on a obtenu d’une part une base volatile, d’autre part, un 
produit neutre, d’une solubilite limitee dans l’eau, peu volatil avec 
la vapeur d’eau. 

La base volatile, la 1-methyl-2-phenyl-pyrrolidine, distillait a 96° sous 
11 mm de mercure. 

Elle donnait un chloroplatinate se separant dans I’eau en beaux 
cristaux renfermant 2 molecules d’eau de cristallisation. Cette eau se 
volatilise au point de fusion, situe entre 118 et 120°, ou par dessiccation 
a 100° dans le vide phosphorique. 

Analyse: 

Substance: 22 - 661 mgr, perte par dessiccation 1 "038 mgr, Pi 5730 mgr. 

<\MM\Pt .2H. 2 0 (768 3): Calcule 11,0 4'7%, Ft 25-4%. 

Trouve If,0 4-6%, Pi 25 3%. 

Le picrate de la base (cristallise dans I’alcool) fond a 145°. 

Le chloroaurate se separe d’abord k l’etat huileux, mais devient 
bientot solide. Recristallise, non sans des pertes considerables, dans 
Palcool par addition d’eau, il fond entre 114 et 115 1 '. 

Analyse: 

Substance: 13700 mgr, An 5318 mgr. 

ChHuNCUAh (501-2): Calculi An 393 mgr. 

Trouv6 An 388 mgr. 

On voit que le produit analyst n’est pas tout-a-fait pur et que 
le chloroaurate convient moms bien k Pidentification de la base que le 
chloroplatinate. 

Le corps neutre, la l-mtthyl-5 ph£nyl-pyrrolidone~5, distillait con- 
stamment k 175° sous 10 mm de mercure. 

Analyse: 

Substance: 0-1634 gr, 5-863 mgr; CO, 0’4507 gr, 1I 2 0 01127 gr, 

Ns 0-424 cc (24-5°, 744 mm). 

C n H lft 0N (175-1): Calcule C 75-4%, H 7-5%, N 8'0%. 

Trouv6 C 75-1%, H 7-7%, N 8-1%. 
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Reduction 61ectrolytique de la 1 -methyI-2-phenyi - 

4 ,-pyrroline. 

Elle a £te effectuee comme pour la pyrroline pr£cedente. Outre le 
produit normal, identique au produit de reduction volatil de la 1-methyl- 
2-ph£nyl-hydroxypyrrolidone, on a constate la presence d’une base 
& point d’£bullition eleve dont je n’ai jusqu’ici determine ni la 
composition ni la constitution. La 1*methyl-2-ph£nyl-pyrrolidine, 
produit principal, distillait a 96° sous 11 mm de mercure. 

Analyse: 

Substance: O' 1846 gr, 7226 mgr; CO* 05540 gr, H,0 O' 1582 gr, 

X, 0'542 cc (24", 741 mm). 

C n H lf> N (1611): Calculi C 81*9°/ 0 , II 9*4°/„, X 8'7•/„. 

Trouve C 81'9%, II 9'6 n / 0 , X 8-4%. 

Le picrate fondait a 145—146", done en accord avec le picrate 
de la base preparee a partir de la pyrrolone correspondante. 

Le chloroplatinate est, lui encore, identique au chloroplatinate signale 
plus haut. II se separe de ses solutions aqueuses avec 2 molecules 
d’eau de cristallisation qu’ii perd au point de fusion, e'est-a-dire 
entre 118 et 119°. 

Analyse: 

Substance: 18282 mgr, perte par dessiccation 0 845 mgr, Ft 4'646 mgr. 

C,. 2 U ;u X. 2 Cl 0 Pt .2 H 2 0 (7683): Calcule II 2 0 4*7%, Ft 25-4%. 

Trouve 11,0 4-6%, Ft 25*4%. 

Reduction electrolytique de la 1 • m 61 h y 1 - 
5-benzylpyrrolone-2. 

Le mode op£ratoire efait le meme que pour le derive ph^nyle, 
et les produits obtenus etaient analogues: une base volatile, la m&hyl- 
benzylpyrrolidine, et un produit neutre, la methylbenzylpyrrolidone. 

La 1-methylbenzylpyrrolidine est un liquide huileux, d’odeur carac- 
tSristique, distillant 4 113*0° (corr.) sous 12 mm de mercure. 

Le chloroplatinate de la base cristallise dans l’alcool dilu£ et fond, 
si on le chauffe rapidement, entre 183 et 184°; quelques degres plus 
haut il subit la decomposition. 

Analyse: 

Substance: 19-029 mgr, Ft 4-915 mgr. 

C, i lI w X 2 CkPt (756*2): Calcule Ft 25-8°/ 0 . 

Trouv6 Ft 25*8°/ 0 . 
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Le picrate, recristallise dans I’alcool dilue, fond a 144°. 

La l-methyl-5-benzylpyrrolidone-2 est un iiquide tres epais, peu 
soluble dans I’eau et les acides min£raux etendus. Elle bout a 191° 
(non corr.) sous 11 mm de mercure. 

Analyse: 

Substance: 0 1746 gr, 8’458 mgr\ C0 2 0 4856 gr, H.,0 01274 gr, 

N, 0-529 cc (24 n , 741 mm). 

C Vi U v ,0N (189-1): Calcule C 761°/ 0 , If 80%, N 74%. 

Trouve C 75-9%, IT 8-2%, N 7*0°/ 0 . 

Preparation de la 1 - m e t h y I - 2 - b e n z y I - t. - p y r r o 1 i n e. 

36 gr de magnesium ont etc dissous dans un melange de 750 cc 
d’etlier avec 190 gr de chlorure de benzyle. Apres quelques jours 
de repos, le produit reactionnel a ete decompose par 1’eau, additionne 
de baryte caustique solide, puis distille jusqu’a plus de reaction alca- 
line du dislillat. Ce dernier a et£ neutralise par de 1’acide clilorhydrique, 
les corps neutres, principalement le dibenzyle et le toluene, ont ete 
separes d’abord, puis epuises a I'dther, la solution clilorhydrique a ete 
concentree a faible volume dans le vide. Par addition d’une solution 
aqueuse de perchlorate de sodium on a precipite le perchlorate de 
la base organique qu’on a purifie par plusieurs cristallisations dans 
I'alcool. Le sel completement pur fondait de 109 a 110°. 

On peut arriver au meme resultat si le produit de la reaction 
entre la methylpyrrolidone et le chlorure de benzylmagn£sium est 
traite non pas simplement par I’eau mais I’acide perchlorique dilue 
(pour les quantites ci-dessus on prend 250 gr d'acide perchlorique 
anhydre et 1 kg environ de glace). Aussitot apres que l’hydroxyde 
de magnesium fut entre en solution, le Iiquide reactionnel se separe 
en trois couches: l’6th£ree, I’huileuse (cristallisant en peu de temps), 
l’aqueuse. Les cristaux de la couche huileuse sont essores et recristal- 
lises dans I’alcool. Leur rendement est d’autant meilleur que I’exces de 
chlorure de benzyle dans le reactif de Orignard mis en oeuvre est 
plus faible. On obtient des portions ulterieures de perchlorate de 
L-pyrroline si on distille les parties huileuses, additionnees d’un 
exces de solution de soude carbonatee, dans un courant de vapeur. 
Dans cette operation, la m^thylbenzylpyrroline est seule h distiller, 
tandis que les bases & poids moleculaire 6leve restent dans le ballon 
distillatoire. Le distillat est transforme en perchlorate de la fa^on in- 
diquee plus haut. 
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Analyse: 

Substance: O'1257 gr, 8'835 mgr; AgCl 00662 gr, 

N, 0'407 cc (19*5°, 730 mm). 
C vz If lK O i m , l (273'6): Calculi Cl 13-0%, N 5-1%. 

Trouve Cl 13-0°/ o , N 52%. 

Du perchlorate on a mis en liberte la base. Sechee et distillee 
dans le vide, elle passait a 155° (non corr.) sous 10 mm de mercure. 
Analyse: 

Substance: 0 1480 gr, 9 - 724 mgr; CO., 0'4507 gr, HjO O'1181 gr, 

N. 2 0 711 cc (23°, 742 mm). 

(\oH Vo X (173-1): Calcule C 83-2%, 11 8-7°/ 0 , N 8-1%. 

Trouve C 83-1%, H 8'9%, N 8-2%. 

Reduction eiectrolytique de la l-methyl-2-benzyl- 

%-pyrroline. 

Elle s’est effectuee avec beaucoup de nettete, sans produits secon- 
daires, et a fourni la l-methyl-2-benzyIpyrrolidine distillant a 113-4° 
(corr.) sous 10 mm de mercure. 

Analyse: 

Substance: 0193614*962 mgr; CO, 0-5820 gr, IIJO 0-1730 

JV r 2 1-044 cc (23°, 754-5 mm). 
C a H„N (175-1 -. Calcule C 82-2%, 11 9-8%, N 8-0°/ 0 . 

Trouve C 82-1%, H 10*0%, N 80%. 

Le chloroplatinate de methylbenzylpyrrolidine fondait entre 183 et 
184° (chauffage rapide), quelques degr£s plus haut, il se decomposait. 
Le melange de ce produit avec le chloroplatinate de la base prepare 
par reduction de la pyrrolone respective n’amene aucune depression 
du point de fusion. 

Analyse: 

Substance: 15 204 mgr, Pt 3 - 943 mgr. 

C M H 32 N 2 Cl 6 Pt (756-2): Calcule Pt 25*8%. 

Trouve Pt 25*9%. 

Le picrate s’obtient en meiangeant la base avec une solution 
aqueuse d’acide picrique et en recristallisant le produit dans 1'alcool 
dilue. II fond a 144° et ne montre aucune depression du point de 
fusion en melange avec le picrate prepare anterieurement. 

Institut de Chimie organique 
a VEcole Polytechnique tchique de Prague 
(Tchicoslo vaquie). 



363 


Bibliographic: 

') Collection 1929, I, 119, 334. 

•) Collection 1932, IV, 181. 

■') Ber. 1900, 33, 2230. 

J ) Monatsh. 1929, 50, 349. 

) Ber. 1898, 31, 280. 
r ) Ber. 1910, 43, 2047. 

; ) Collection 1930, II, 531. 



SUR UN NOUVEL ANHYDROGALACTOSE 

par F. VALENTIN. 

Parmi les derives anhydriques du galactose on ne rencontre dans la 
litterature que le ^-galactosane et IVgalactosanequi, k la fagon du glu- 
cosane et du levoglucosane, prennent naissance dans la distillation a tem¬ 
perature elevee sous un vide avance. Ces derives galactosiques sontcarac- 
terises l’un et l’autre par I’instabilite de I’anneau forme ulterieurement, 
tandis que leur anneau oxyde d’amylene primitif est relativement stable. 

Dans le present travail, j’ajoute aux deux anhydrides de galactose 
connus un troisieme, a savoir le 3.6-anhydrogalactose, qui presente 
de l’interet par la maniere juste contraire dont se comportent ces 
anneaux: celui qui s’est forme ulterieurement est en effet d’une stability 
considerable, alors que l’anneau primitif se montre labile. 

Mon 3.6-anhydrogalactose est un analogue du 3.6-anhydroglucose 
prepare dans le temps par E. Fischer et K. Zach. 2 ) II se forme 
le plus facilement & partir de la 6-bromhydrine d’a-methylgalactoside 
sous Paction a chaud d’une solution de baryte caustique concentre 
avec detachement du methyle glucosidique par hydrolyse au moyen 
d’un acide mineral tres etendu. 

La possibilite de preparer le 3.6-anhydrogalactose repose sur la 
facilite avec laquelle se laisse isoler la dite 6-bromhydrine d’a-methyl¬ 
galactoside qui. & son tour, est devenue d’un acces facile grace & la 
methode de tritylation due a B. Helferich. 8 ) 

Voici le schema illustrant les reactions qui m’ont conduit au 


3.6-anhydrogalactose. 
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Mon produit de depart 6tait I’amethylgalactoside (I). J’ai reussi 
a perfectionner sa preparation en diminuant la dur^e de reaction et 
en simplifiant I’eiimination de I’acide halogenehydrique, ce qui fit 
monter les rendements d’une maniere considerable. J’y reviendrai 
d’ailleurs dans la partie experimentale de ce memoire. — L’«-methyl- 
galactoside a ete transforme, en une seule operation, en 2.3.4-tri- 
acetyl-6-trityI-«-methylgalactoside (II), et cela par action, en solution 


6 
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pyridique anhydre, de chlorure de trityle d’abord et, au bout d’un 
certain temps, de la quantity necessaire d’anhydride acetique. Le 
2.3.4-triacetyI-6-trityl-a-methylgalactoside m’a donne, egalement en une 
seule operation, la 6-bromhydrine d’a methylgalactoside (IV). 

En effet, si on ajoute du pentabromure de phosphore k une 
solution dans le bromure d’ethylene du corps initial, il se forme la 
6-bromhydrine de 2.3.4-triacytyl-a-methylgalactoside (III) qu’on n’a 
pas besoin d'isoler mais qu’on peut d£sacetyler directement par l’ammo- 
niaque methylalcoolique suivant le procydy Zempiyn. Chauffee 
avec de I’eau de baryte, P«-methyIgalactoside-6 bromhydrine perd 
aisement l’acide bromhydrique en donnant le 3.6-anhydro-a-methyI- 
galactoside (V). L’hydrolyse de ce dernier au moyen d’acide sulfurique 
^ 1%, qui a lieu tres rapidement et de faqon complete, a enfin fourni 
le 3.6-anhydrogalactose (VI) il est vrai jusqu’ici seulement & I’etat 
amorphe. II a et£ analyse a I’etat de sa phenylosazone qui se forme 
aisement et qu’on peut facilement purifier par crystallisation. 

Voyons maintenant les raisons qui me font admettre dans mon 
anhydrogalactose I’anneau oxydique 3.6 plutot que les autres anneaux 
qu’on ne saurait exclure a priori: 

Le detachement d’acide bromhydrique peut se faire de deux faqons, 
avec formation soit d une liaison ethylenique, soit d’un anneau oxy¬ 
dique. La premiere possibility est ecartee par le fait que I’hexose 
forme devrait fixer les halogenes par addition, ce que je n’ai point 
observe avec mon anhydrogalactose. II ne reste done que la seconde 
eventuality, e’est-a-dire la fermeture de la chaine avec formation d’un 
heterocycle oxydique. Theoriquement, le carbone nuniyro 6 pourrait 
engendrer un tel heterocycle avec parlicipation respective des carbones 
4, 3, 2 et 1, le carbone 5 etant hors de cause puisqu’il prend part 
a I’anneau pyranique preexistant dans la molecule. 

La cloture entre les carbones 6 et 4 n’est guere possible pour des 
raisons styriques, e’est-a-dire a cause de la tension des valences, qui 
serait tres forte. On ne peut pas non plus admettre un anneau 2.6, 
car dans ce cas Panhydrogalactose ne donnerait pas d’osazone, ce 
qu’il fait effectivement et avec beaucoup de facility. Enfin, I’anneau 
oxydique entre les carbones 1 et 6 se trouve exclu par le fait que 
l’anhydrogalactose reduit la liqueur cupropotassique, ce qu’il ne pour¬ 
rait faire s’il avait une structure analogue & celle du lyvogiucosane. 

II ne reste done qu’ii admettre un cycle 3.6-oxydique qui est 
le plus vraisembiable de tous et conccrde a la fois avec les postulats 
styriques et les caracteres chimiques du corps. C’est d’ailleurs un 
fait connu depuis longtemps que les cycles k cinq chalnons prennent 



naissance avec beaucoup de facilite et sont caract£rises par un manque 
presque complet de tension. 

D’autre part, des raisons stereochimiques, qu’on peut illustrer ais£- 
ment au moyen d’un modele, m’obligent a supposer que l’existence 
d’un anneau d’£ther interne en 3.6 affaiblit I’anneau prlmitif semi- 
acetalique en 1.5, de sorte que celui-ci montre une tendance plus 
ou moins prononc£e a s’ouvrir en engendrant la forme aldehydique 
libre. Cette maniere de voir est attest£e par I’observation d’E. Fischer 
que le 3.6 -anhydroglucose colore, a la faqon des aldehydes, le reactif 
de Schiff d£ja au bout de quelques minutes. Or, la propriety de 
recolorer le reactif fuchsine-sulfureux est beaucoup plus eclatante 
chez le 3.6-anhydrogalactose, car la coloration apparait dejil dans 
3 ou 4 secondes. D’autre part, si Ton est oblige de supposer que la 
mutarotation des sucres se fait avec ouverture de 1’anneau pyranique 
et nouvelle cloture lors de laquelle I’hydrogene au carbone 1 est devie 
par ce dernier de la position « en [i ou inversement, les anhydro- 
liexoses, egalement pour des raisons stereochimiques, ne devraient 
pas montrer de mutarotation de cette espece. A mieux dire, si dans 
le systeme bicyclique 3.6—1.5 d’un anhydrohexose l’anneau pyra¬ 
nique 1.5 s’ouvre, il ne doit se refermer que difficilement. 

Malgr6 cela, il y a deux possibility: ou bien I'anneau pyranique 
1.5 ne subit pas de rupture et la mutarotation ne se pr£sente pas, 
ce qui est le cas de 1’anhydroglucose de Fischer, ou bien le dit 
anneau s’ouvre, ce qui amene un changement de la rotation; c’est le 
cas du 3.6-anhydroga!actose qui en effet montre le phenomene de 
la mutarotation. D’apres nos considerations, cette derniere n’aboutirait 
pas a un etat d’£quilibre entre les formes a et /), mais a celui entre 
un systeme bicyclique de pouvoir rotatoire constant et la forme 
aldehydique (VII), parce que la formation de I’anneau 1.5-pyranique 
de I'anhydrogalactose n’a plus lieu en solution aqueuse. — Pour 
epuiser toutes les possibility, je pourrais signaler la derniere, suivant 
laquelle Tun et l'autre anneaux de I’anhydrogalactose seraient fura- 
noides. Toutefois, cette derniere supposition est en contradiction 
manifeste avec la doctrine stereochimique. En effet, dans ce cas 
I’anhydrogalactose aurait un squelette analogue h celui d’un trans¬ 
it), 3, 3]-bicyclooctane qui cependant n’est pas possible. En d’autres 
termes, I’anhydrogalactose ne saurait conslituer un 3.6-anhydrogalacto- 
furanose mais soit un 3.6-anhydrogaIactopyranose k faible tension 
rSpondant & celle du cycle de la tropane, soit un veritable sucre- 
aldehyde. Si dans une reaction chimique le 3.6-anhydrogalactofuranose 
prenait naissance, il devrait posseder un squelette semblable it celui 
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du cis [0, 3, 3]-bicyclooctane, possible celui-ci, ce qui exigerait toutefois 
forcement un deplacement de l’oxyhydryle du cdt£ gauche du carbone 4 
& son c6t6 droit, & la maniere de la transposition de Walden. Or, de 
cette maniere IS, le galactose deviendrait du glucose. Disons tout de 
suite qu’une pareille transformation n’a point et£ observe jusqu’& 
present in vitro. 

II est interessant de noter que, par contre, le 3.6-anhydrogluco- 
furanose n’est pas seulement possible, mais est caracterise par une 
tension beaucoup moindre que celle du 3.6-anhydroglucopyranose; 
c’est pr£cisement le cas du cis-[0, 3, 3]-bicyclooctane possible et men- 
tionne plus haut. 11 a d’ailleurs etd prepare par H. Ohle, L. Vargha 
et H. Erbacli, 4 ) et, de plus, dans un travail ultdrieur de H. Ohle et 
O. Euler il a ete demontre expSrimentalement que l’anhydrogiucose 
d’E. Fischer doit etre un 3.6-anhydroglucofuranose. 

De cette maniere, mes consi H> jptions sur le 3.6-anhydrogaIactose 
sont corroborees au moins indirectement et par amlogie. 

Mes recherches sur le 3.6-anhydrogalactose et ses diverses trans¬ 
formations chimiques sont poursuivies, et je ne manquerai pas d’en 
rendre compte prochainement. 

Partie exp^rimentale. 

ra-Methylgalactoside. 

Pour preparer ce produit, je n’ai suivi ni les indications d’E. Fi¬ 
scher et L. Beensch 6 ) ni le precede modifie de F. Mich eel et 
O. Littmann, 7 ) mais je procedais ainsi qu’il suit: 87 gr de galactose 
ont 6te dissous, au bain-marie et a reflux, dans 465 gr d’alcool methy- 
lique sec renfermant 0 25% de HCl. Dans la solution refroidie on a fait 
passer, en refroidissant le vase, en tout 65 gr de gaz chlorhydrique, 
de sorte que le melange reactionnel en renfermait 14% en poids. 
Le tout a 6t6 abandonne pendant la nuit a I’abri de l’hiimidit£. 
Au lendemain, le liquide ne reduisait plus la liqueur cupropotassique. 
Pour eliminer l’acide chlorhydrique, deux voies ont 6te suivies: 

I.) Le precede employ^ a notre laboratoire 8 ) pour ^carter 1’aclde 
bromhydrique form6 dans I’oxydation des sucres au brome consiste 
a le faire agir avec I’oxyde cuivreux. J’ai applique cette methode 
a l elimination de 1’acide chlorhydrique et j’y ai obtenu, en g£n£ral, 
d’excellents resultats. Dans la solution methylalcoolique on introduit,, 
par petites portions, de la pate de CuJ) jusqu’i plus de reaction, 
ce qui se traduit par la coloration rouge caract£ristique du pr6cipit6 
primitivement violet brun. On filtre alors et Ton additionne le filtrat 
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de 50 gr de Ba(OH )«. 8 1I 2 0 dissous dans le minimum d’eau bouil- 
lante (calcule pour 87 gr de galactose). On agite fortement la solution 
chaude et on y fait passer un courant de gaz carbonique jusqu’a 
disparition de I’alcalinite. Le fillrat est incolore et limpide. S’il renferme 
des traces de Cl', on peut eventuellement les eliminer par trailement 
successif au Atj a CO a et IL>S, toutefois cette operation n’est pas 
indispensable etant donnS que I’ion Cl' disparait aussi lors de la cristal- 
lisation du produit brut. Apres avoir chasse le reste d’aicooi methylique 
on concentre le liquide aqueux dans le vide et on I’abandonne it la 
cristallisation lente. Le rendement, le plus souvent de 40%, atteint 
des fois jusqu’it 50%. 

II.) Pour 87 gr de galactose et 65 gr de IlCl on prepare le methylate 
de sodium en dissolvant 41 gr de sodium metallique dans la quantite 
necessaire d’aicooi methylique sec. Dans cette solution on fait couler 
la solution acide de methylgalactc je en mince filet et en agitant 
constamment. Apres elimination du chlorure de sodium et suppression 
de I’alcalinite eventuelle par CO* on concentre le tout a la consistance 
sirupeuse (le mieux dans le vide), puis on ajoute un volume egal 
d’acetone. Le sirop ne tarde pas a cristalliser. Quant aux traces de 
Cl', voir la remarque ci-dessus. Le methylgalactoside brut est recristal- 
lise dans I’eau. Le rendement est ordinairement de 50%, mais, si 
toutes les operations sont effectu£es rapidement et a une temperature 
suffisamment basse, il peut atteindre jusqu’it 60% du rendement 
theorique. 


2.3.4-TriacetyI-6-trity I-«-methylgalactoside. 

175^7* d’a-methylgalactoside monohydrate sont chauffes dans le 
vide & 112° jusqu’a ce que cesse la formation des petites bulles de 
vapeur d’eau. Le produit sirupeux ainsi d£shydrate est dissous, pen¬ 
dant qu’il est encore chaud, dans 750 cc de pyridine seche, puis addi- 
tioune de 230 gr de chlorure de trityle. La solution est abandonnee 
pendant 36 heures, & l’abri de Phumidit6, a la temperature du labo- 
ratoire. Au bout de ce temps on ajoute, en refroidissant, 300 gr (soit 
un exces de 15%) d'anhydride acetique, puis on laisse reposer le tout 
pendant 2 jours & la temperature ordinaire. Si, apres cela, on verse 
le liquide dans 5 litres d’eau froide, il se prend en cristaux au bout 
de quelques minutes. Le produit brut essore est recristallise dans 
I’alcool methylique. Le rendement est de 78%. 

Le corps pur cristallise en belles aiguilles, bien solubles dans le 
benzene et l’ether, fusibles de 179 k 181°. 
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Pouvoir rotatoire. — VOlbgr de substance dissous dans du benzene 
et ramen£s & 20 cc, deviaient, dans un tube de 200 mm et en employant 
un polarimetre circulaire, « —- 4 6’02 0 , d’ou [a]u — 4- 56'. 

Analyse 61ementaire: 

Substance: 0 2707 gr, CO 3 06780 gr, If./) 0 - 1482 gr. 

0,/IuO,: Calculi C 68-30%, If 609%. 

Trouve C 68-32%, H 612°/ 0 . 

«-Methylgalactoside-6-bromhydrine. 

227 gr de 2.3.4-triac£tyl 6-trityl-«-methylgalactoside sont dissous, 
& temperature moder£e, dans le minimum de bromure d’ethylene sec. 
D’autre part, on prepare & chaud une solution de 220 gr de PHr h 
(soit un exces de 25% environ) dans 750 cc de bromure d’ethylene, 
Lorsqifon melange les deux solutions, le liquide reactionnel s’echauffe 
un peu. On I’abandonne, a I’abri de Phumidite, pendant 2 heures. 
Puis on cliasse le bromure d’ethylene par une distillation rapide dans 
le vide; le liquide se d£colore pendant cette operation. Le residu est 
repris dans 1 litre et demi d’ether, lav£ 3 fois par l’eau, autant de 
fois par une solution de NaHCO s , puis s£che par Na«S0i anhydre. 
Lather est chasse dans le vide, le residu semi-cristallin est dissous 
dans la quantite necessaire d’alcool m£thylique sec. La solution ob- 
tenue est saturee d’ammoniac en refroidissant, et le tout est abandonne 
au repos, pendant 24 heures, en vase clos. Apres ce temps, Palcool 
methylique, Pammoniac et tous les autres constituants volatils sont 
expulses dans le vide. Le residu est additionn£ de 600 cc d’eau. 
Lather (%// 5 ), U—0ClI n est ecarte par filtration, le liquide filtre est 
decolore, puis concents dans le vide, apres quoi il se prend en une 
masse cristalline. Le produit brut est recristallis£ dans Peau. On en 
obtient ainsi 70 gr et le travail des eaux meres donne quelques 
grammes ulterieurs, de sorte que le rendement d£passe70%. 

La 6-bromhydrine de P«-m6thylgalactoside cristallise ais£ment en 
donnant des cristaux magnifiques: dans ses solutions aqueuses con- 
centrees elle s6pare de gros cristaux en forme de paquets; dans ses 
solutions etendues, de larges tablettes atteignant jusqu’& 1 centimetre 
de longueur. Par sa tendance it cristalliser le produit surpasse mfeme 
le rhamnose. — Le point de fusion n’est pas net par suite de de¬ 
composition. Vers 157° il y a brunissement, k 163°, effervescence et 
noircissement complet. 

Pouvoir rotatoire. — Une solution aqueuse renfermant 1*051 gr 
de substance dans 20 cc deviait, dans un tube de 200 ccm et au polari¬ 
metre circulaire, a— -f 16-5°, d’ou Ton calcule [a]o = 4 157°. 
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Analyse ElEmentaire: 

Substance: 02610 gr, C0 2 03122 gr, IL,0 01194 gr. 

<'-,H ui O u Br: CalculE C 32'68%, 2/ 5 09%. 

Trouve C 32'63%, H 5-11%. 

Substance: 0‘ 1552 gr, AyBr O'1136 gr. 

C 1 n K O r ,Br: Calcule Br 31'10%. 

Trouve Br 31'14%. 

3.6-Anhydro-a-mEthylgalactoside. 

8^rd’rt-mdthyIgalactoside 6-bromhydrine, dissous a chaud dans la 
quantitE strictement nEcessaire d’eau, sont additionnes de 12 gr de 
Ba(OII)., . 8 H.,0 Egalement dissous dans le minimum d’eau. Le me¬ 
lange prend d’abord une coloration jaune vert qui disparait toutefois 
dans quelques minutes. Le liquide incolore est maintenu en Ebulli¬ 
tion, k feu nu et a reflux, pendant 2 heures ultErieures, sans qu’il 
change de couleur. A chaud, il est dEbarrassE de son Ba" par C0«, 
puis du Br' au moyen de AyJ *0 H . Sans Eliminer I’ion Ay le filtrat 
est abandonnE it I’Evaporation lente a la tempErature du laboratoire. 
Le produit (anhydromEthylgalactoside) se sEpare en longues aiguilles. 
Le tout est repris dans 1’acEtate de mEthyle additionnE du % de son 
volume d'alcool mEthylique et filtrE, ce qui enleve au produit les 
impuretEs argentiques. Apres Ecartement du solvant, le produit est 
recristallisE dans 1’acEtate dethyle, ce qui fournit le 3.6-anhydro- 
«-methylgalactoside pur avec un rendement presque thEorique. 

Le corps cristaliise magnifiquement dans I’acEtate d’Ethyle, il fond 
entre 141 et 142°. Vis-a-vis des acides minEraux, meme tres Etendus, 
il se montre extremement sensible, de sorte qu’on ne doit pas le 
concentrer en solution aqueuse, pas meme en presence d’hydrogene 
sulfurE. Meme dans ce cas-li il devient rEducteur vis-^-vis de la liqueur 
cupropotassique, ce qui est indice d’une hydrolyse. Quand on I’a 
preservE de tout contact avec les acides, il se comporte en vEritabie 
glucoside, c’est-i-dire ne rEduit point la liqueur cupropotassique. Dans 
I’eau et dans I’alcool il est bien soluble. 

Pouvoir rotatoire. — Solution aqueuse renfermant exactement 1 
gramme de substance dans 20 cc\ tube de 200 ccm, polarimetre cir¬ 
culate : a ■--- + 8'24°, d’oti [«Ji> — -f 82'4°. 

Analyse ElEmentaire: 

Substance: 0'2184 gr, CO., 0*3818 gr, H 2 0 01354 gr. 

%//,„0 5 : CalculE C 47 70%, H 6*87%. 

TrouvE (' 47‘69°/o» H 6*93%. 
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3.6-Anhydrogalactose. 

Dans une des preparations du 3.6-anhydro-a-methylgalactoside 
suivant le procede d#crit plus haut (a partir de 7'5 gr de brom- 
hydrine), apres que l’ion A<j eut et# #limine par I’hydrogene sulfur#, on 
constata que le sirop resultant de cette operation n’avait aucune ten¬ 
dance a cristalliser et reduisait energiquement la liqueur cupropotassique. 
Cela mettait en evidence qu’il y avait eu hydrolyse du 3.6-anhydro- 
methylgalactoside sous I’action des produits d’oxydation acides de 
Phydrogene sulfur#. C’est pourquoi le sirop a #t# dissous dans de 
I’eau (28 cc) et additionn# de la quantit# n#cessaire d’acide sulfurique 
k 50°/ 0 pour obtenir une solution a 1% de // 2 ,S'0 4 . Le tout a #t# 
chauffe dans un bain-marie bouillant. Au bout d’une heure, le liquide 
incolore au debut prenait rapidement une teinte jaune jusqu’a brune. 
L’acidit# a #t# imm#diatement supprim#e par addition de carbonate de 
baryum, le filtrat a et# decolore, puis concentre, dans le vide, ft la 
consistance d’un sirop. Celui-ci a #te repris dans un melange d’ac#- 
tate d’ethyle et d’alcool methylique, ce qui lui a eniev# le reste des 
cendres. La solution a d’abord #t# abandonn#e k l’#vaporation lente 
k Pair libre, ce qui a donn# Panhydrogalactose k Petat d’un sirop ne 
montrant aucune tendance a cristalliser. Par un s#jour ult#rieur dans 
le vide sulfurique le produit s’est transform# en une matiere 
vitreuse, pratiquement incolore (3^r). Je supposais d’abord que le 
produit etait eventuellement souill# de galactose libre ou de galacto- 
side incompletement hydrolys#, mais les essais fails dans cette di¬ 
rection n’ont pas v#rifi# cette supposition. 

Le 3.6-anhydrogalactose n’est precipit# ni par la ph#nylhydrazine 
ni par la m#thylphenylhydrazine: ses hydrazones sont sans doute 
trop solubles dans Peau. 

II sera int#ressant de voir si Pacide carboxylique r#pondant & cet 
an hydrogalactose donnera ou non une lactone. 

Mutarotation du 3.6-an hydrogalacf ose. 

0‘Q68 gr de produit vitreux obtenu par dessiccation dans le vide 
sulfurique, pratiquement sec, ont #1# dissous dans I’eau et ramen6s 
k 20 cc. En employant un tube de 100 mm et un polarimetre circu¬ 
late les valeurs suivantes d’« et [a\u ont #t# trouv#es dans les 
intervalles de temps signal#s: 
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Temps apr£s 
la dissolution 

a 

Mi, 

9*5 minutes 

+ 3-64° 

+ 37-6° 

14-5 


3-60° 

37-1° 

20 

» 

3-50° 

362° 

41 


336° 

34-7° 

63 


322° 

33-2° 

98 

» 

3-04° 

31-4° 

150 


2-88° 

29-7° 

215 

» 

2-76° 

28-5° 

OO 

» 

2-64° 

27'2° 


L’allure de la diminution du pouvoir rotatoire repond a une 
reaction monomolSculaire. En se servant de la formule 


K= } In 

tn 


« 0 — -4 

Un — A’ 


dans laquelle «„ d£signe le pouvoir rotatoire initial 


«» » » » » apres un temps t„ 

A » » » final 

t n » I’intervalle de temps, en minutes, 6coule 
depuis la dissolution, 

on peut determiner o<, en employant K — 4‘43.10 ~ 3 et les logarithmes 
decimaux. Void les r6sultats num^riques: 


K 





4-43.10- 3 

9 5 minutes 

+ 37-6° 

+ 3865° 

4-43.10- 3 

14-5 

.> 

371° 

38-67° 

4-43.10- 3 

20 


36-2° 

38-23° 

443.10- 3 

41 

I 

34-7° 

38-59° 

443.10- 3 

63 

» 

33-2° 

38-61° 

4-43.10- 3 

98 


31-4° 

38-61° 

4-43.10- 3 

150 

» 

297° 

38-74° 

4*43.10" 3 

215 

» 

28-5° 

38-85° 


La moyenne arithm&ique des valeurs d-dessus donne a 0 = + 38*6°. 
L'extrapolation graphique conduit, ainsi qu’on le voit sur la courbe 
ci-jointe, k la mfime valeur. 


7 
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Ph6nylosazone du 3.6-anhydrogalactose. 

1 gr de sirop sec immobile d’anhydrogaladose a ete dissous dans 
10 cc d’eau, additionne de 2 gr de phenylhydrazine et de quelques 
gouttes d’acide acetique. La solution, plongee dans I’eau bouillante, 
y a ete maintenue jusqu’it ce qu’elle eut commence £ changer de couleur, 
ce qui eut lieu au bout de 10 minutes environ. Le liquide a aussitot 
ete refroidi, apres quoi il separa de fines aiguilles jaunes, caractdisti- 
ques des osazones. L’osazone brute a ete recristallis^e dans I’alcool 
methylique dilue, puis lav^e a Tether. Le rendement etait tres satisfaisant. 

La phenylosazone du 3.6-anhydrogalactose se dissout bien dans 
les alcools methylique et ethylique, peu dans Tether. Elle fond & 215° 
avec decomposition. 

Pouvoir rotatoire. — 0'2318 "r de substance dans 25 cc de solution 
methylalcoolique, tube de 100 mm, saccharimetre Fri£. Deviation 
« — +1 ‘3°> d’oii [«];i= -f- 48'2°. Notons que pour la phenylosazone 
du galactose [a\o est — ± O'. 

Analyse elementaire: 

Substance: 01643 gr, C0 2 0 3826 gr, 1L.0 0-0896 gr. 

Calculi G 63'50°/ o , H 5’92%. 

Trouve C 63'52%, 11 6 07%. 

Microdosage d’azote: 

Substance: 5-616 mgr, 0-827 cc (739 mm, 26°). 

Calcuie N 16-47%. 

Trouve N 16-32%. 

Institut de Chimie organique 
a I'Ecole Polytechnique tcheque de Prague 
(Tchtcoslovaquie). 
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LIVRES NOUVEAUX. 

Chemicky slovnik polsko-£esk^ 8 ddstecnym zfetelem na mathematiku, 
fysiku, geometrii a mineralogii (Dictionnaire polonais-tcheque de Chiniie, tenant 
partiellement compte des Mathematiques, de la Physique, de la Geometrie et de la 
Mineralogie), par Emile Votocek, professeur de Chimie a TEcole Polytechnique 
tcheque de Prague (Prague 1931). Publie par TAcademie tcheque des Sciences et 
des Arts. Pages Xll et 164, 8°. 

Pendant des stecles les lettres et la science, tout en se d^veloppant, se ser- 
vaicnt du latin ou bien de langues d’origine romane. Cependant, peu a peu les 
tendances des savants des diverses nationalites ont rendu indispensable I’emploi 
de leurs propres langues. Ce besoin s’est considerablement accru a Tissue de la 
guerre niondiale, lorsque ces nationalites se sont affranchies politiquement. Parmi 
les notubreuses publications internationales ce sont surtout celles destinies a faci- 
liter la collaboration scientifique des nations a langues parentes qui ont line im¬ 
portance particuliere. 

Le dictionnaire de Chiniie polonais-tcheque du professeur Votocek se pro¬ 
pose de servir peut-etre pas tant la science comnte production internationale que 
surtout la collaboration scientifique des nations tcheque et polonaise. CVst pour- 
quoi le livre du professeur Votocek a ete acueilli par la science polonaise non 
settlement avec une sincere approbation mais avec enthousiasme. L’auteur a pu 
accomplir son oeuvre non seulement anime de Tamour de son pays et de sa science, 
mais encore guide par une reelle sympathie pour la nation soeur polonaise dont 
il connait bien la langue. En parcourant Tensenible de plus de dix-sept mille 
mots on ne saurait trouver la moindre expression qui ne soit reconnue comme 
expression polonaise correcte. 

La richesse de Touvrage consiste dans le choix, tant au point de vue quantitatif 
qu’au point de vue quatitatif, des termes tires de la meilleure litterature polonaise, 
avec leur equivalents tcheques. L'auteur a compris dans ces dix-sept mille mots 
toutes les notions indispensables pour les definitions les plus generates comme 
pour les plus spgciales. Le dictionnaire, qui rend accessible au lecteur tcheque la 
litterature chimique polonaise, ne s’applique pas seulement k la chimie et a ses 
differentes parties, mais aussi aux domaines limitrophes theoriques et, dans une 
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certaine mesure, aussi techniques, comme la physique, la mmlralogie, les math£* 
matiques, la technologie etc. Le dictionnaire contient la traduction des principaux 
termes du domaine de la chimie et des domaines voisins, et en outre une partie 
dans laquelte se trouvent exposes d’une mantere concise les principes de la nor 
menclature chimique polonaise. Un supplement contient les abbreviations ainsi que 
ralphabet polonais. 

Pour s’acquitter de sa tache, le professeur Votocek a dil fournir un trds grand 
travail, il a du lire et etudier un grand nombre de manuels polonais, parmi 
les meiileurs traitant les sujets en question; par selection il a obtenu un 
ensemble de mots d’emploi courant de la langue polonaise scientifique. Une liste 
de noms connus de savants des deux nations, citee dans la preface, temoigne 
a quel point Pauteur a su s’assurer la collaboration de savants eminents. 

Le but du dictionnaire est en premier lieu celui de satisfaire au besoin du 
lecteur tcheque voulant lire la literature chimique polonaise; mais il sera non 
moins utile aux Polonais qui voudront lire les travaux chimiques (cheques. En 
combination avec le dictionnaire tcheque-fran^ais du meme auteur, le dictionnaire 
polonais-tcheque presente meme indirectement aux savants polonais les avantages 
d’un dictionnaire polonais-fran^ais. 

L’ouvrage, publie par PAcademie Tcheque des Sciences et des Arts a Prague, 
doit etre consid^re comme un modeie d’edition. 

La bienveillance cordiale et la joie avec laquelle nous autres Polonais accueil- 
lons la publication de ce dictionnaire, ne nous empechent cependant pas d’exprimcr 
une certaine jalousie que la science tcheque, soeur de la notre, nous ait ici 
devances. Nous consid£rons le dictionnaire polonais-tcheque comme un don 
magnifique de la science et de la nation tcheques offert a la science et & la nation 
polonaises, nous Pacceptons avec gratitude et nous sommes surs qu’il contribuera 
a resserrer les liens unissant nos deux nations si proches Pune de Pautre. 

Varsovie, 1932. Prof. Dr. Victor Lampe. 
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1898 O nitratnich pomfirech difenylaminu a karbazolu. (On the ni¬ 
tration of diphenylamine and carbazole.) Vistntk Krdl. C. Spot. 
Nauk 1898. (With J. Sebor.) 

O karbazolu a n£kterych tetrazobarvivech od nfiho odvozen^ch. 
(On the carbazole and some tetrazo-dyes derived from it.) 
£ pro pr&mysl chem. 1898, 8. 

Pusobeni £erni platinove na diazobenzolchlorid. (Action of pla¬ 
tinum black on the diazo-benzene-chloride.) Vestnik Krdl. C. 
Spot. Nauk 1898. (With V. VaniSek.) 

O cukrovych slozkach konvolvulinu, solaninu a jinych glykosidu. 
Vistnik Krdl. C. Spot. Nauk 1898. Ober die Zuckerbestandteile 
einiger Olykoside. Z. Zuckerind. Bohmen 1900, 24. 

Pusobeni hydrazinu na latentni obraz fotograficky. Listy Chem. 

1898, 235. Uber das Verhalten der Hydrazine zu dem photo- 
graphischen Lichtbilde. Jahrb. Photogr. u. Reproductionstechnik 

1899. 

1899 O kyselinS arabinove z repy cukrove. Vestnik Krdl. Spot. Nauk 

1899. Ober die Arabinsaure der Zuckerrfibe. Z. Zuckerind. Bohmen 
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INFLUENCE DU VOISINAGE DES GROUPES AMINO SUR 
LA FORMATION DES SELS D’a-DIOXIMES 
(OXALENE-DIAMIDE-DIOXIME) 

par J. V. DUBSKY et A. OKAC. 

Les vues sur la constitution des sels d’a-dioximes divergent d’une 
maniere considerable.')-) Ce sont notamment les caracteres specifi- 
ques des sels de nickel, de cuivre bivalent, de cobalt et de fer triva- 
lent, constituant la base d’importantes methodes analytiques, pour les- 
quels il est difficile de donner une interpretation appuyge sur la con¬ 
stitution. D’une fa^on generate, on admet que le radical a-dioxime 
presente, grace a son groupement atomique, un rapport specifique 
vis-A-vis de certains metaux. Cette supposition est uniquement la 
consequence de l’exp£rience acquise par de nombreux faits mais ne 
touche pas les causes et n’explique pas pourquoi certains sels pos- 
sedent des proprietes specifiques et d’autres pas. Voila pourquoi le 
probleme des sels d’a-oximes ne cesse de faire 1’objet de nouvelles 
etudes qui, dans I’avenir, peuvent seules conduire a sa solution complete. 

Sui vant la formulation de Pfeiffer et R i c h a r z -) nous supposons 
que lors de la formation des sels complexes internes I’un et 1’autre 
groupe oxime de la meme molecule se comportent diff£remment. 
L’un de ces groupes tient lieu de fonction acide, l’autre de fonction 
basique: 

. a— - 

II II 

0---N N—OH I.* sel complexe interne. 

\l fe’’ 

Jusqu’a present, seul I’ammoniacate nickele d’oxalene-diuramide- 
dioxime, de la composition duquel les auteurs 3 ) s’etonnent eux-m§mes, 
parait s’^carter de cette r6gle. 

La fonction basique de l’un et Tautre groupes oxime se manifeste 
simultanement chez les composes du type 3fe(// 3 7>) 2 X 3 4 ) d6jA 6tudi6 
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par de nombreux auteurs 5 ); ce sent le plus souvent des corps peu 
stables, qui se decomposer^ dej& au contact de 1’eau ou de I’humidite. 
E. Thilo e ) a montre, dans un interessant travail que pour la di- 
m6thylglyoxime la stabilite des sels du type Me(lLl)) 2 (JJ 2 diminue dans 
la suite Co —► Ni -*■ Cn de maniere telle qu’on n’arrive pas du tout 
& preparer des sels cuivriques. 

L’oxatene-diamide-dioxime 

Nil,—('-NO 11 

(OU Oxll a ) 

N1L—C--NOII 

offre, grace & ses groupes amino au voisinage des groupes oxime, 
toute une seric de possibility de formation de sels. En outre, une 
importante question se pose ici, celle de savoir jusqu’a quel degre 
les groupes amino voisins peuvent prendre le role de la fonction 
basique des groupes oxime ou, eventuellement, la supprimer. Cu- 
gajev et Surenjans 7 ) ont prepare deja un sel de nickel complexe 
interne Ni(lfOx),. 2 llfi repondant au caractere oximique, et des sels 
du type [N(0.rJ[,) ;t ]X, repondant a la nature aminee de l’oxalene- 
diamide-dioxime. Entre les deux types il existe un etat d’equilibre 
determine avant tout par la masse active de I’eau, respectivement des 
ions OH’ et 11‘: 


base 

{Ni(0xll,) H ]n, -f 2 1I. 2 0 Ni(HOx) a . 2 lf.,0 + 2 11CI -f Oxll, . 

acide 

Outre les composes du type Ni(Oxlf.,) n X. 2 , qu’on peut aussi designer 
comme 6tant des sels hexamrnine, il existe un sel tetrammine qui se 
forme directement a partir du sel complexe interne de couleur orangee. 
Nous avons prepare le chlorure et le sulfate de ce type, lls sont, eux 
aussi, stables en solutions acides et sSparent le sel complexe interne 
quand on les neutralise ou alcalinise. On peut exprimer ce simple 
£tat d'equiiibre par le schema: 

base 

[Ni(0xlL 2 ),]C1. z + 2 ll.fi -- t Ni(HOx),. 2 llfi + 2 IICl 

acide 

Parmi les sels cuivriques, outre le sel complexe interne de cou¬ 
leur jaune brun et de composition Cu{0xll) 2 .2 llfi, le compost le 
plus stable est le sel tetrammine Cu(OxH 2 ) s Cl 2 aisement soluble dans 
I’eau. A la difference du sel analogue de dim^thylglyoxime mais qui 
n’existe pas, le dit sel peut Stre pr£par£ tres facilement en solution 




aqueuse. C’est ce qui demontre, comme aussi son mode de prepara¬ 
tion et ses proprietes, que ce sel ne saurait etre un compose labile 


a o i 

' 

!! 


1 ILN—C NH 


{ | 

"you 

1 1LN—C NH 


1! 


Il o ] 

2 


(II) 


mais bien un derive tetrammine vrai qu’on doit formuler comme suit: 


(H. 2 OzChOxH,)CJ,, 


,l NH-y -C'—NOH \ 


Cm . 

(Ill) 


NIL — C~NOH 


Cl,. 


2 . 


Dans ce cas-l&, la fonction basique des groupes oxime se trouve 
presque entierement paralysee par les groupes amino, plus basiques 
ceux-ci. Cela continue pleinement les vues de Cugajev et Suren- 
jans (I. c.) sur la constitution des sels analogues de nickel, tous 
derives polyammines. — Outre le chlorure nous avons prepare Pazotate. 

Le sulfate s’est revele etre un.compose plus complexe dont la 
constitution reste, pour le moment, obscure. 

Outre le sel tetrammine on peut preparer sans peine le sel diam- 
mine ( r u(OxH 2 )iC'l 2 . Bien qu’il soit moins stable que le sel tetrammine 
(car en solutions faiblement acides il se dedouble aisement en s£- 
parant le sel tetrammine), il est d’un acces facile et se montre tout 
a fait stable a I’etat solide. La forme cristalline differencie egalement 
les deux sels. 

Pour dissoudre completement une molecule de sel complexe 
interne l 0xHMeII0x.21L0, il faut pratiquement au moins quatre 
mols d’acide chlorhydrique, bien que le produit forme ne renferme 
que deux atomes de chlore. Cela est encore en disaccord avec 
l’etat d’6quilibre cite plus haut suivant lequel un faible exces d’acide 
au-dela de 2 mols devrait determiner un deplacement de P£quilibre 
de droite a gauche (formation de II). La chose est probablement lide 
a une transformation plus compliquee de la molecule que ne l’est 
une simple addition. II faut en effet que les molecules d’oxime se 
tournent vers I’atome central par leurs groupes amino (formation de 
111). Nous nous Pexpliquons de la maniere que void: L’acide chlor¬ 
hydrique se fixe d’abord sur les quatre groupes amino de la mole- 
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cule, et c’est seulement apres cela qu’il y a transposition donnant nais- 
sance au compose ammine Me(0xIL.) 2 X 2 . Le produit intermediate 
de cette transformation est il est vrai fort labile, de sorte qu’il nous 
a ete impossible de le saisir. 

Le voisinage des groupes amino, fortement basiques, et des 
groupes oxime exerce done une certaine influence sur la fonction 
basique de ces dernieres et peut, en milieu acide, determiner la sup¬ 
pression totale de cette fonction. Si toutes nos suppositions sont 
justes, cette influence devrait, dans certaines conditions, se manifester 
aussi lors de la formation des sels complexes internes. Dans ce cas, 
ce seraient les groupes amino qui supprimeraient completement la 
fonction basique des groupes oxime, et les groupes oxime reagi- 
raient I’un et I’autre comme des acides. En d’autres termes, il devrait 
se former un compose du type amidoxime: 

^NII.,.... 

C=NO — Me — (IV) 

I 

Theoriquement, on prevoit les possibility suivantes: 

.. NIL, . 

C- NO Me— s NIL—('-NO. NIL-C= 

| ou )Me ' | )Mc / | 

t '=NO—Me— / NIL — ('-.-NO' NIL—C 

v :II 2 N-C NO y 
ou \Ve( | Wei 

'ON -C—NIL/ x 

Ainsi qu’on le verra dans la partie experimentale de cette commu¬ 
nication, nous avons r£ussi & preparer un sel basique de composi¬ 
tion 3 On Ox . ('n(OII ). 2 .6 // 2 0 qu’on obtient aisement en solutions 
dilutes en presence d’une quantite suffisante d’ammoniaque. C’est un 
corps visqueux, brun fonce jusqu’a noir, dont I’aspect et les proprie- 
tes rappellent les sels cuivriques des amidoximes et dont la compo¬ 
sition repond constamment au rapport 4 Cu: 3 Ox. Par suite de la 
nature amorphe du corps la purification est un peu difficile, et il n’est 
point impossible que sa basicity soit due a un certain degr6 d’hydro- 
lyse. Quant au rapport 4 Cu: 3 0xII 2 , il ne saurait Conner, gtant tres 
frequent chez les sels basiques du cuivre bivalent.*) Toutes nos 
tentatives de preparer le sel normal out £chou£, le produit final ren- 

*) Par exemple chez les sels »hexol«. 
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fermait toujours 4 du pour 12 N (3 Ox). On ne saurait non plus ex- 
clure la formulation suivante du sel basique 


Cu: 


(NIL—('NO 

I 

NIL— GNO 


y.'u 


(OH)z, 


dans laquelle le cuivre ne se trouve lie que par les deux groupes 
oxime et compris ainsi dans la sphere interieure, ou encore des for¬ 
mulations plus compliquees. L’etablissement exact de la constitution 
de cet inttessant compost est rendu difficile par le fait que c’est 
un corps tres peu soluble, amorphe, et qu’il subit des transformations 
au contact des acides. II faut done nous borner a constater I’existence 
du compose 3 CuOx . Cu(OII)*. 6 1/. 2 () dans lequel, suivant les vues 
habituelles sur la valence, il est necessaire de supposer une liaison 
directe des deux groupes oxime avec le metal. 


Partie expirimentale. 

Oxalene-diamide-dioxime, OxIL. 

Elle a ete preparee selon les indications d’E. Fischer ( Ber . 1889, 
22, 1931) par introduction de dicyanogene dans une solution aqueuse 
de chlorhydrate d’hydroxylamine neutralist au moyen d’une quantite 
£quivalente de lessive ou d’acetate de sodium. Recristallisee dans l’eau 
chaude, elle formait des cristaux blancs prismatiques, fusibles it 204° 
(Fischer indique le point de fusion a 200° environ, F. Tiemann, 
Ber. 1889, 22, 1936, environ a 195°). Le corps est peu soluble dans 
I’eau froide, bien soluble dans 1’eau chaude. Le dicyanogene employ^ 
avait 6t6 prepare soit a partir d un melange de sulfate de cuivre et 
de cyanure de potassium, soit par calcination de cyanure mercurique. 

Cu(110x ) t . 2 U.,0 (I). 

V2 gr d’oxalene-diamide-dioxime (0.ri/ 2 ) ont et6 dissous dans 100 cc 
d’eau chaude, puis, apres refroidissement modere, additionn£s, en 
agitant et goutte il goutte, d’une solution d’ammoniacate cuivrique, 
prepare avec precaution a partir de V2gr de CuS0 4 .5 H 2 0. (Rapport 
moleculaire: 1 (’u : 2 OxII 2 .) II s’est separe un precipit^ jaune brun, 
floconneux, qui a ete essore sans peine, Iav6 plusieurs fois S l’eau, 
puis a l’alcool, et seche pendant 3 jours sur une plaque d’argile po- 
reuse. Chauffe en tube capillatre, le produit se decompose vers 200° 
avec un fort degagement de gaz. 

11 forme une poudre brun clair, insoluble dans l’eau, l’alcool, Face- 
tone, I’ether, le chloroforme. Dans 1’ammoniaque concentree il se dis- 
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sout un peu en lui communiquant une coloration bleue, dans la 
pyridine il n’est que peu soluble et la colore en jaune. Avec les 
lessives alcalines il donne une solution jaune brun. Avec les acides 
min£raux on obtient une solution d’un vert intense. Pour dissoudre 
completement 1 molecule de sel, il ne suffit pas de 2 mols d’acide 
chlorhydrique A r /10 mais 4 mols de cet acide sont necessaires. Apres 
que 0-5 gr eurent dissous dans 66 cc d’acide chlorhydrique iV/10 
(facteur 0’960) ce qui correspond au rapport 4 mols de HOI : 1 Cu, 
la solution vert fonc£, evaporee a Fair, separait de beaux petits cristaux 
prismatiques ( , n{0.rlL) 2 CL, un peu souilles de menues ecailles de sel 
monoxime On(OxH^ x Cl» et de petits cristaux blancs de chlorhydrate, 
notamment dans les dernieres fractions. 

Seche au-dessus de //»S0 4 concentre, le corps perd 10% de son 
poids et prend une couleur un peu plus foncee. 

Analyse: 

Substance: 63-0 mgr, perte k 110° 6 '9 mgr. 

(■n(OxH ) 2 .2 H z O: Calculi (pour 2H 2 0) 10-80%. 

Trouve 1LO 10-90%. 

Substance: 4-82 mgr, N*) 1410 cc (18-Q°, 739*0 mm). 

Calcule N 33 56%. 

Trouve N 33 27%. 

Substance: 4-138 mgr, Cu m. el.**) 0’786 mgr. 

Calcule Cu 19'05%. 

Trouve Cu 18-99%. 

Rapport On N:H 2 0 =- 1 : 7 95:2-03. 

Cu(OxII 2 yJl 2 . (Ill) 

C'est un compost fort stable qui prend aisement naissance lorsqu’un 
exces d’oxalene-diamide-dioxime agit, en milieu acide, sur le chlorure 
cuivrique. 

a) A une solution de T337 gr d'oxalene-diamide-dioxime dans 
40 cc d’eau chaude adduce par une goute d’acide chlorhydrique, on 
a ajoute une solution de 0 643 gr de CnCl 2 .2 H 2 0 dans 10 cc d’eau. 

*) Tous les dosages d’azote ont ete effectors en eniployant la microm6thode 
de Dubsky. 

**) m. 61. = microelectrolytiquement: apres oxydation de l’oxime au moyen de 
1’eau oxygfinde en milieu acide, le cuivre a ete sdpar^ par Electrolyse en solution 
ammoniacale. Voir aussi A. OkE£, Ztsch. f. anal. Chent. 1932, 88, 108, 432. 


2 




394 


(Rapport moleculaire 1 Cu: 3 OxlL .) Le liquide reactionnel acquiert 
aussitot une couleur vert intense et s£pare au iendemain de petits cris- 
taux prismatiques du sel voulu. Les eaux meres finissent par deposer 
de petits cristaux blancs de chlorhydrate d’oxime. 

b) A 0 4 gr de Cud,. 2 II»() dissous dans 5 cc d’eau on a ajoute 
goutte k goutte une solution chaude de \'2 gr A'OxlL dans 20 cc 
d’eau. (Rapport moleculaire t Cu: A OxlL.) La solution verte a ete 
acidulee par 5 cc d’acide chlorhydrique 2V/10, puis, apres refroidis- 
sement, debarrassee par filtration d’une faible quantite d’oxime blanche 
et abandonnde a la cristaliisation a Pair. Au bout de quelques jours, 
il s’est separ£ des prismes caracteristiques. 

c) Le corps se forme encore par dissolution du sel complexe 
interne Cu(0xH) z -|2 1L0 dans l’acide chlorhydrique. 

Les cristaux prismatiques noirs ont ete essores, laves par un cou- 
rant d’eau energique et s^ches sur une plaque poreuse. Us sont fort 
stables et presentent des faces cristallines luisantes, tres bien develop- 
p6es. Pulv^ris^s, ils sont de couleur gris violet. Le corps se dis- 
sout aisement dans l’eau, surtout k chaud, en donnant une solution 
verte. La solution aqueuse precipite instantanement avec l’azotate 
d’argent, devient bleue par un exces d’ammoniaque, claire par les 
acides 2 N, jaune par I’alcali normal. 

Les cristaux se dissolvent un peu dans I’ammoniaque concentree, 
tres bien dans la pyridine. S€ches entre 100 et 110°, ils ne changent 
ni de poids ni d’aspect. Chauffes en tube capillaiie, le sel se de¬ 
compose vers 142° avec explosion. 

Analyse du corps ayant sejourne 2 jours sur une plaque poreuse: 

Substance: 0‘0634 gr, CuO 13*6 mgr, 

0-0724 gr, AffCl 00565 gr, 

4-485 mgr, N« 1‘203 cc (20-2°, 742 2 mm). 

Cu(OzH 2 ) 2 Cl> (370-6): Calcule Cu 17-15%, Cl 19-14%, N 30’22%. 

Trouve Cu 17-14%, Cl 19-30%, JV 3029%. 

Rapport Cu: Cl: N — \ : 2 01:8 02. 

Cu(OxH 2 ) 2 (NO s ) z (p. m. 423-6). (HI) 

Cet azotate a ete prepare de mSme maniere que le chlorure. 
11 forme de petits cristaux prismatiques noirs, iuisants, facilement so¬ 
lubles dans l’eau. Le point de decomposition est vers 128° avec 
explosion. 
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Analyse: 

Substance: 11'645 mgr, Cu (m. el.) 1*76 mgr. 

3-870 gr, N, 1130 cc (20-5°, 739-5 mm). 

Calculi Cm 15-01%, N 33-07%. 

Trouve Cu 15-12%, N 3320%. 

Rapport Cu: N 1:9 - 97. 

Cu x (0xH. 2 ) ! iS0 i . x' aq. 

La preparation d’un sulfate qui fut analogue au chlorure decrit 
plus haut n’a pas reussi. Lorsque a une solution de 1 gr d’oxalene- 
diamide-dioxime dans 5 cc d’eau chaude, on ajoute une solution de 
0‘2 gr de sulfate cuivrique cristallise dans 2 cc d’eau (rapport mol£- 
culaire 1 Cu : 3 OxH.>), on voit se separer imm£diatement des ecailles 
vertes d’un magnifique eclat, peu solubles dans I’eau et dans I’acool. 
Le corps se dissout aisement dans I’acide chlorhydrique dilue, et la 
solution donne un precipite abondant de sulfate de baryum. Les essais 
de recristalliser le corps dans I’acide sulfurique dilue n’ont pas eu de 
succes, car II y a decomposition, et Ton obtient un melange de sul¬ 
fate de cuivre et d’oxime. Sechees a 100°, les ecailles deviennent plus 
foncees et perdent 8% de leurs poids sans que I’eievation de la tem¬ 
perature & 110° produise de changement ulterieur. En tube capillaire, 
les cristaux se decomposent vers 158" avec une faible explosion. 

L’analyse denote un rapport des constituants assez singulier: 

2 Cm : 1 SO A : 20 N: 4 ILO 
(5 Oxlh). 

(Trouve: 14-35% de Cm, 1071% de S0 t , 3105% de N, 8-05% de // 2 0.) 

(Cm : S0 t : N:II,0 = 2 02 :1 :19 87 :4 01.) 

Le sulfate se comporte done autrement que le chlorure et I’azotate. 

Cu(OxIl 2 \Ch (P- m. 252-5). 

Ce sel prend naissance lorsque it un exces d’une solution de chlo¬ 
rure cuivrique on ajoute une solution d’oxalene-diamide-dioxime. On 
voit se separer lentement de menus cristaux vert fonce, nettement 
differents des prismes observes anterieurement. Le produit se dissout 
facilement dans I’eau en donnant une solution verte, dans l’alcool 
et l’acetone il est presque insoluble. Avec I’ammoniaque concentree 
II se forme un precipite brun, plus tard une solution bleuatre. 

Dans la pyridine le produit se dissout lentement k froid, plus 
rapidement k chaud. Les alcalis N /1 donnent, apres un temps pro- 



396 


longe, une solution jaune brun. Au contact des acides dilues il y a dis¬ 
solution lente; pour qu’elle soit complete, ii faut au moins 2 mols 
d’acide 2V r /10. 

Dans cette solution, en presence d'alcool et en prenant certaines 
precautions, le corps se laisse recristalliser et fournit alors des ecailles 
d’un vert luisant. La solution aqueuse donne avec I’azotate d’argent aus- 
sit6t un precipite de chlorure d’argent. Lorsque k une solution aqueuse 
adduce par une goutte d’acide azotique on a ajoute la quantite equi-. 
valente d’azotate d’argent JV/10, l’ion chlore s’est precipite quanti- 
tativement. Toutefois, le filtrat vert intense n’a pas s£par£ I’azotate 
correspondant mais, en se d£composant partiellement, de beaux 
cristaux de la forme plus stable, repondant par sa composition & I’azo- 
tate decrit plus haut Cu(0xU^ 2 (N0 8 ) 2 . La reaction s’est accomplie 
suivant le schema: 

2 Cu(OxH 2 \Cl 2 + 4 A(/NO s = 4 AgCl + Cu(0xIJ 2 ) a {N0 8 ) 2 + Cn(NO n ) 2 . 

Chauftees k 100 ou 110°, les ecailles ne subissent aucun change- 
ment de poids ni d’aspect, en tube capillaire elles se decomposent 
avec explosion vers 169°. 

Analyse: 

Substance: 0-2246 gr, CuO 0*0711 gr, 

70‘8 mgr, CnO 22 2 mgr, 

0i285 gr, AgCl 01453 gr, 

7-033 mgr, N 2 1372 cc (20-5°, 742-1 mm). 

Calcule Cu 25-18%, Cl 28‘08%, N 22-18%. 

Trouve Cu 25 29%, Cl 27-98%, N 22’16%. 

25-05%, 

3 CuOx . Cu{OH)«. 6 ICO (p. m. 744-3). 

Si des solutions de sels cuivriques sont precipitees par une solution 
d’oxalene-diamide-dioxime en milieu ammoniacal, on obtient un produit 
geiatineux, brun fonc6, insoluble dans I’eau. Vu la nature amorphe 
de ce pr6cipite, la purification en ,est assez penible. Les valeurs obte- 
nues k l’analyse de divers echantillons se rapprochaient toutes du 
rapport \ Cn-.'SN'.\ x l 2 ll 2 0. Ce rapport etant tres interessant, nous 
avons essaye d’isoler le produit k l’fitat aussi pur que possible: 

a) 0*464 gr de chlorure cuivrique cristallis£ ont 6t6 dissous dans 
100 cc d’eau, puis additionnes, par petites portions, d’une solution de 
0-3207 gr d’oxalene-diamide-dioxime dans 300 cc d’eau chaude (rapport 
mol6culaire 1 Cu : 1 OxH 2 ). II s’est forme une solution vert intense 
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Si laquelle on ajoutait, goutte & goutte et en agitant constamment, de 
l’ammoniaque dilute jusqu’H ce que la precipitation eut cess4. Le 
pr^cipite gelatineux a 4te essor4, lave plusieurs fois par de l’eau 
ammoniacale (de 1 k 2 cc de NJ[ 4 OH concentre pour 100 cc d’eau), 
puis par de l’eau chaude, et, enfin, s£che pendant 2 jours sur un verre 
de montre. II a fini par donner une croute noire si cassure luisante. 
Celle-ci a 4te reduite en fine poudre, lavee Si nouveau plusieurs fois 
a l’eau, puis s4chee pendant quinze jours sur une plaque poreuse. 
Le produit ne renferme pas de chlore. 

b) 0'3 gr de chlorure Cu{OxII 2 ) 4 Cl decrit plus haut ont ete dissous 
dans l’eau, puis precipites, goutte a goutte et en agitant, par de 
I’ammoniaque dilute jusqu’a fin de precipitation. Le produit obtenu 
a ete purifie comme dans a). Apres lavage, il ne contient pas non 
plus de chlore. 

c) Au lieu du chlorure cuivrique on a employe la quantite 4qui- 
valente de sulfate, pour le reste on a op4re comme dans a). Le preci- 
pite gelatineux est encore plus difficile a purifier, mais Sk la fin 
ne renferme pas de SOJ'. 

Le produit est insoluble dans I’eau, soluble dans les acides dilues 
en donnant une solution verte; l’ammoniaque en regenere le produit 
initial; si, toutefois, il est en exces, le precipite entre lentement en 
solution qui se colore en bleu. 

Chauffe en tube capillaire, il se decompose vers 196° avec une 
faible explosion. 

Analyse: 

Substance: 17-91 mgr, perte apres 5 heures a 110° 2 - 60 mgr, 

17*91 mgr, CuO 7 - 758 mgr, 

9‘786 mgr, On 3'400 mgr (m. 41.), 

6 514 mgr, N, 1*315 cc (22 5°, 739 0 mm), 

5-178 mgr, N» 1*026 cc (20-7°, 7413 mm). 

Calculi H 2 0 14-51%, Cu 34-17%, N 22*57%. 

Trouve H«0 14-52%, Cn 34’61%, N 22-68%, 

34-74%, 22-48%. 

Rapport Cu : N : H a 0 1:2-97:1-48, 

= 1 : 2 94: 147. 

En raison de ces rapports atomiques, qui se r4petent constam- 
ment, de son mode de preparation et de son aspect on peut classer 
le compose en question k la famille des sels cuivriques d’amidoximes. 
C’est il est vrai un sel basique, et nous lui attribuons la formule 
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3 Cu(Ox). Cn(01I ) 2 .6 1L0. Le quatrieme atome de cuivre s’y trouve 
k I'6tat d’hydroxyde. Afin de constater son degre de liaison & la 
molecule, la substance analysee a et6 digeree de nouveau avec de 
l’ammoniaque concentree, filtree et lav£e a nouveau. La teneur en cuivre 
n’a pas diminuee, au contraire, elle a subi une faible augmentation. 

Analyse du corps apres digestion avec l’ammoniaque concentre: 

Substance: 16855 mgr, perte £i 110° 2'315 mgr, 

9*938 mgr, Cu 3 48 mgr (m. el.), 

5-200 mgr, N s 1*019 cc (20 2°, 744*2 mm). 

Trouve llfi 13*72%, Cu 35*02%, N 22*34%. 

Ni{0xlL),CU (p. m. 367*7). (II) 

a) 1*4 gr de Ni(HOx) 2 .2ll 2 0 ont ete dissous dans 16 cc d’acide 
chlorhydrique concentre (rapport moleculaire \ Ni:AlWt). Le sel de 
nickel entre juste en solution en se colorant en vert bleu. La solution, 
qui n’a point l’odeur de l’acide chlorhydrique concentre, ne tarde pas 
& d£poser de petits cristaux tabulaires, bleus, qu’on essore, lave 
rapidement & I’eau et seche sur une plaque poreuse. 

b) 1*8 gr de Ni(0xH).>.2 H 2 0 ont ete dig6res avec 2 cc d’acide 
chlorhydrique concentre. Le sel orange acquiert aussit6t une couleur 
bleu verdatre et passe en solution. Apres avoir ajoute 30 cc d’alcool 
a 96% le pr£cipit£ a ete filtre sans tarder, lave a I’alcool seulement, 
puis s6che sur une plaque poreuse. 

Le produit est facilement soluble dans I’eau et les acides, insoluble 
dans l’alcool, peu soluble dans la pyridine. L’addition d’un alcali ou 
d’ammoniaque reprecipite le sel complexe interne de couleur orangee. 
Le chauffage jusqu’& 110° ne determine aucun changement de poids 
ni d’aspect. Chauffe en tube capillaire, le corps se decompose vers 
216° avec un fort degagement de gaz. 

La solution aqueuse est bleu violet et donne avec l’azotate d’argent 
immediatement un precipite de Ay Cl. 

Analyse: 

Substance: 0*1017£/*, Ni(lIP), 0*0791 gr, 

0*2228 gr, Ni(lID\ 0*1731 gr, 

0*0651 gr, NiO 0*0131 gr, 

0*2228 gr, AgCl 0*1699 gr, 

3*40 mgr, N 2 0*897 cc (18*0°, 736 mm). 

Calculi Ni 15*96%, Cl 19*28%, N 30*48%. 

Trouv6 Ni 15*81%, Cl 18*87%, N 29*92%. 

Rapport: l Ni: 1 *98 Cl: 7*93 N. 
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Ni(0:rH 2 ) 2 S0 i . 4 HJ) (p. m. 462-7). 

2 - 6 gr de Ni(IIOx ).,. 2 H 2 0 sont dissous dans de Pacide sulfurique 
dilue. La solution vert fonce separe une petite quantite d’un precipitG 
bleu clair, cristallin. En comparaison du chlorure decrit plus haut 
la couleur du pr£cipite est un peu plus intense. Le produit est ais£- 
ment soluble dans l’eau et les acides £tendus, insoluble dans Palcool, 
Pac6tone, peu soluble dans la pyridine. La solution aqueuse renferme 
des NO/' et r£g£nere avec Pammoniaque le sel complexe interne 
initial de couleur orang£e. S£ch6 k 100 et it 110°, il ne perd que la 
moitie de son eau, en tube capillaire vers 219° il se decompose. 

Analyse: 

Substance: 00690 gr, NiO 00110 gr, 

0 0891 gr, BuSO i 0 0459 gr, 

4-43 mgr, N, 0-935 cc (19-8°, 734’8 mm), 

0 0690 gr, perte a 110° 5'A mgr. 

Calcule Ni 12-68° ,,, S0 4 20'75%, N 24-21%, // 2 0 (pour 2 11,0) 7-78%. 
Trouve Ni 12-53%, .S’0 4 2 H9%, A r 24-31"/ 0 , /7 2 0 7-83%. 

Institut de Chirnie analytique a la Faculte 
des Sciences de I'Universite Masaryk d Brno 
(Tchecoslovaquie). 
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HI est un compost: d’addition stable; 1’atome central est entoure de 
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SOME DOUBLE SALTS OF CADMIUM FERRICYANIDE 

by F. ClITA.*) 

In an earlier communication *) reactions of zinc ferricyanide with 
alkali chlorides were described which lead — according to analyses — 
to crystalline bodies of the following empirical formulae: 

Zn a [Fe(CN) 6 \». ltb n F<iCN )«, anhydrous, 
4Zn a [Fe(CN) 6 ] 2 .K a Fe(CN)«, with about 36 mol. of water, 

7 Zn 3 [Fe(CN ) 6 ]«. {NIl^FeiCN),- (approximately), with about 78 mol. 

of water, 

7 Zn^FeiCN )^. Na & Fe(CN)^ (approximately), with about 87 mol. of 

water. 

It can be imagined that salts of this composition are formed by 
substitution of a certain number of the zinc ions in the space lattice 
of the hydrated zinc ferricyanide by an equivalent number of alkali 
metal ions, the zinc ions going into solution. The difference in hydration 
between both ions causes then a decrease in the number of water 
molecules bound by the compound. 

After the zinc ion had been replaced by rubidium ions in the 
molecule of zinc ferricyanide the resulting double salt cannot retain 
in its molecule the water of crystallization, and to explain its formula 
it can be supposed, that one molecule of rubidium ferricyanide has 
replaced 12 water molecules of the dodekahydrate of zinc ferricyanide. 
This assumption is supported also by the formula of the potassium 
double salt in which 19*07% of water was found after drying above 
a mixture of the crystallized and the water free preparation (1. c. p. 543), 
and approximately also by those of the sodium and ammonium double 
salts, in which 14*3 and 12*6 molecules of water respectively correspond 
to one molecule of zinc ferricyanide, if 12 molecules of water are taken for 
each molecule of the alkali ferricyanide. The water content of these two 
preparations, dried in air only, was determined by difference to 100%. 

*) Published in Czech Chcm. Listy 1932, 26, 525 in the number celebrating 
the 60th birthday of Professor E. Votocek, on Oct. 5th, 1932. 
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The interchange of the zinc and atkali ions goes on in a system 
containing besides the [Fe(CN) 6 ions also the anions of the alkali 
salt used. It was found that zinc ferricyanide does not dissolve in solu¬ 
tions of many salts of alkali metals derived from different acids tried 
for the reaction in view. The solutions in which zinc ferricyanide dis¬ 
solves to a greater extent and in which the zinc ion is readily sub¬ 
stituted by ions of the alkali metal must always contain an excess of 
chlorine ions. 

According to A. Gunther-Schulze-) following equilibria exist 
in a solution of zinc chloride: 

Zn+CV^ZnCl' (1), 

ZnCV + CV ^ ZnCh (2), 

ZnCU + CV ^ Zn(%' (3). 

In 01 — 0‘05-molar solutions the concentration of the ions ZnCl 3 ' 
and Zn( T amounts to about 10% of the whole zinc content. Only 
after further dilution the ions ZnClg disappear, the ions ZnCV, how¬ 
ever, being present even in very dilute solutions. 3 ) 

In more concentrated solutions of readily soluble chlorides the zinc 
chloride is present in the form of a complex, 4 ) and it can be supposed 
that besides the reactions (1), (2) and (3) also the reaction 

ZnClg' -f CV ZnCl A " (4) 

is taking place, because a double salt of the composition 2 KOI . ZnCV 
is known the instability of which in dilute chloride solutions 3 ) makes 
it probable that its formula may be K^ZnCQ. 

The dissolution of zinc ferricyanide in solutions of chlorides may 
thus be represented by the following scheme: 

Zn a [Fe(CN) 6 ], + 9 CV 2 [Fe(('N) 6 \’" + 3 ZnClg' (5), 

or Zng[Fe(CN) 6 ], + 12 CV -* 2 [Ft((!N)A”’ + 3 ZuCl t " (6), 

which can be explained by the zinc chloride passing, in presence of 
an excess of chlorine ions, into solution, being a less dissociated 
substance. 

This explanation is supported also by the reaction (5) or (6) being 
endothermic (the solubility of zinc ferricyanide increases with tem¬ 
perature) and the degree of dissociation of zinc chloride, calculated 
from conductivity data 6 ), falling with increasing temperature. 

A rise in temperature increases the amount of Fe(CN) 6 '" ions in 
the solution, but the equilibrium given by equations (1), (2), (3) or (4) 
does not allow as many zinc ions to remain in the solution as are 
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required by the solubility product of the zinc ferricyanide. The system 
contains an excess of alkali metal ions which entering the crystal lattice 
along the zinc and the Fe(CN)n"' ions cause the separating solid phase 
to have a different composition to the original zinc ferricyanide. This 
process, which is very simple for the rubidium ion, can be written 
schematically thus: 

lib’+ Zn + Fe(CN) 0 "’ RbZnFe(CN) 6 . 

Zinc ferricyanide dissolves to a marked degree also in solutions 
of alkali sulphates, the substance crystallizing from potassium sulphate 
solution having an analogous composition to that formed from po¬ 
tassium chloride solutions. The reaction with sulphate ions is possible, 
because zinc sulphate can also form auto-complexes. 06 be I 7 ) in re¬ 
calculating the data of J ones and Oetman 8 ) supposes with Bredi g, 
that in a zinc sulphate solution an equilibrium exists between the 
ions Zn , Zn(S0 4 ) 2 " and the molecules Zn(S0 4 ). 2 . The degree of dis¬ 
sociation of this salt, calculated from electric conductivity of its solutions 
decreases also with increasing temperature.'-*) 

However, zinc ferricyanide is practically insoluble in solutions of 
alkali nitrates and perchlorates, because the zinc nitrate is electrolytic- 
ally highly dissociated, as was shown by measurements of h os- 
ford and Jones ,n ) and Howard and Jones. 11 ) For this reason 
zinc ferricyanide dissolves only sparingly in a nitrate solution, the 
zinc ions formed in the reactions 

Zn, [ Fe (F'jVU - 3 Zn" f- 2 Fr (. 'A'),-/" 

not being used up by a secondary reaction, and hence their con¬ 
centration quickly attaining the value required by the solubility pro¬ 
duct. Also in this case the degree of dissociation of zinc nitrate, as 
calculated from conductivity data, shows a decrease with increasing 
temperature. 

It is striking that double salts of zinc nitrate or perchlorate with 
alkali nitrates or perchlorates are not mentioned in literature, though 
double salts derived even from the selenic, dithionic, nitrous and 
other rarer acids, are described. From this it may be followed, that 
the conditions of stability of the double zinc-alkali nitrates are pro¬ 
bably much more restricted than the extensive fields of existence of 
the double chlorides and sulphates given in literature. 

Now, cadmium and mercury are analogous to zinc. The beha¬ 
viour of cadmium chloride as a typically weak electrolyte points to 
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formation of auto-complex ions in its solutions. According to Oun- 
ther-Schulze 12 ) in more concentrated solutions of this salt the 
equilibrium 

Odd 2 — CdCl' + CV 

prevails, the ions CdCV dissociating only on increasing dilution. 

Lewis and Linhart 1 *) state, that even in dilute solutions the 
ions of cadmium sulphate form many auto-complexes. 

However, no alkali-cadmium double nitrates nor any perchlorates 
are mentioned in literature. 

It may thus be expected that in view of the behaviour of cad¬ 
mium chloride, cadmium ferricyanide will be also soluble in solutions 
of alkali chlorides forming similar double salts to zinc ferricyanide. 
For this reason the reactions described in the earlier communication 
for zinc ferricyanide were performed also with the cadmium ferricyanide. 

Procedure of experiments. 

The cadmium ferricyanide, dried in air in a dark room, was dis¬ 
solved to saturation in solutions of alkali chlorides on a boiling water 
bath. The hot solution was filtered and left to crystallize freely for 
several days. The small crystals formed were then separated from 
the mother liquor and investigated, whether they can be washed 
without changing their composition and crystal form. According to 
their behaviour, the way of preparing them for analysis was then 
decided upon, which is given for each double salt, in instances, 
where the crystals were separated from a mixture with alkali chlorides, 
it was found convenient to free them from small amounts of chlor¬ 
ides with 90% alcohol without changing the composition of the 
double salt. 

In preparing the potassium double salt somewhat different pro¬ 
cedure was used, in order to ascertain, how far the composition of 
the double salt is changed, when it is separated from a medium con¬ 
taining its components in different proportions. Instead of dissolving 
the cadmium fericyanide in a potassium chloride solution, hot so¬ 
lutions of cadmium chloride and potassium ferricyanide in different 
stoichiometrical proportions were introduced into a hot solution of 
potassium chloride of a definite concentration. The cadmium ferri¬ 
cyanide formed by the reaction remained in the solution. On cooling 
small crystals separated from it, which were isolated, investigated 
and prepared for analysis. 
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The substances and their purity. 

Cadmium chloride was prepared by dissolving purest Merck's 
cadmium carbonate in dilute hydrochloric acid the undissolved part 
being filtered off. The solution was then concentrated to crystallization 
on a water bath, and the crystals separated on cooling were sucked off. 
The pure product was dissolved in doubly distilled water and the 
concentration of this solution determined by a gravimetric estimation 
of cadmium. 

Cadmium ferricyanide was prepared by precipitating a wt/50-solu- 
tion of cadmium chloride by the corresponding amount of a »«/20-so- 
lution of potassium ferricyanide added drop by drop under boiling 
and rapid stirring. The precipitate was washed by decantation with 
water, until the reaction of chlorine ion disappeared. Then it was 
sucked off and stored in the moist state in a dark room. 

Sodium, potassium and ammonium chlorides were Merck’s pre¬ 
parations pro analysi. 

Potassium ferricyanide was prepared by recrystallizing twice a com¬ 
mercial preparation. 


The method of analysis. 

The double ferricyanides were decomposed by boiling with con¬ 
centrated sulphuric acid. Cadmium was precipitated by hydrogen sul¬ 
phide according to Treadwell from a hot acid solution. It was 
weighed in the form of sulphate into which the sulphide was con¬ 
verted. 

To determine the alkali metals cadmium was separated by means 
of hydrogen sulphide as described above and the iron precipitated 
with ammonia. The filtrate was evaporated to dryness, the ammonium 
salts driven off, and the precipitation repeated. 

The determination of other elements is described in the earlier 
paper on zinc ferricyanide. 

Preparation of the potassium salt. 

The salt was obtained from a solution of 128 grs of potassium 
chloride in 500 ccs of water, where the cadmium chloride and the 
potassium ferricyanide were present in following molecular proportions: 

Odd,: K;.Fe(CN) e , =■-- 1/3:1/9, 1/3:1/3, l/6:1. 

On cooling the solution, rectangular yellow-red plates separated, 
the edges of which attained in two to three days a length of about 
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0*75 cms. When introduced into pure water they immediately began 
to grow turbid separating small yellowish flakes, the solution containing 
then potassium ferricyanide and potassium chloride. In more concent¬ 
rated solutions of potassium chloride they deliquesced. 

The largest crystals of the preparation were picked out from the 
mother liquor by means of a forceps, dried with filter paper and 
polished by a fine cloth. Their composition, as ascertained by the 



<:<IKF>(<:.\)' .2 Kd .5 ll..n 
Fig. 1. 


analysis given below, was in all three instances of the cadmium chlo¬ 
ride to ferricyanide proportions practically identical and'did not change 
even when the plates were recrystallized from a solution saturated 
with potassium chloride by boiling. (Fig. 1.) 


Found by analysis: 
Fc 9-32%, 
Cd 18’81°/ 0 
K 20*07°/,, 
CN 25-33% 
<1 12-23 °/„ 
// 3 0 14*50°/ 0 
100-26% 


Theory for (dK Fr(C.\ ) 6 .2 Kt'l. 5 11,0 : 

9-26% 

18- 65°/ 0 

19- 48% 

25-89% 

11-77% 

14-95% 

100 - 00 % 


On decomposing with water the described substance separates 
potassium chloride more quickly than potassium ferricyanide. This 
is seen from the analysis of a preparation washed with water to 
disappearance of the reaction of chlorine ion. The yellowish flakes 
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formed contain 11 *59°/ 0 Fc, 2"62% K and 0-11% Cl. The molecular 
proportion K/Fe which was 3 - 0 for the original salt decreased by 
washing to 0'32, from which it folows that all potassium chloride 
passed over from the crystals into solution, only two thirds of the 
potassium ferricyanide going with it. 

The plates described are not stable. When left in the mother liquor 
or in air for a longer time they disintegrate into microscopic blood-red 



crystals of octahedral shape. Their composition is also independent 
of the composition of the system from which they were formed. They 
are stable in water even at its boiling point and Only sparingly soluble. 
In preparing them for analysis they were decanted with water to dis¬ 
appearance of the reaction of chlorine ion, dried with filter paper, 
and left in air till the attainment of constant weight. Their analysis 
gave the following result: (Fig. 2.) 


Found: 

Theory for CdKFe(CN), 

Fc 

15-22% 

15-36% 

Cd 

31-05% 

30-94% 

K 

10-77% 

10-75% 

ON 

42-54% 

42 "95% 

Cl 

0-07% 

0-00% 

IhO 

0-14% 

0-00% 


99-79% 10000% 

In calculating the formula water and chlorine were neglected be¬ 
cause of their very small and fluctuating amouni 
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Preparation of the ammonium salt. 

In dissolving cadmium ferricyanide in hot solutions of ammonium 
chloride two products are formed, according to whether the solution 
of ammonium chloride was saturated at a higher temperature or not 
entirely saturated at room temperature. 

In the first instance small prisms of a double salt are formed 
besides ammonium chloride, deliquescing in ammonium chloride solu- 



<'ll XII, Fe(CX ),. 2 XII,Cl . 1 5 11,0 
Fift. 3. 

tions and disintegrating with water into impure cadmium ferricyanide 
and ammonium chloride and ferricyanide. In order to ascertain the 
composition of this double salt, the largest prisms of it were picked 
out of the mixture with ammonium chloride, dried between filter 
papers, polished and weighed. Their analysis gave the following result: 



Found: 

Theory for Cd(XH,)Fe(CX),. 2 XII,Cl. t'5 11,0 

Fe 

U-36% 

11-74% 

Cd 

2399% 

2359% 

NHt 

1130% 

11'36'Vo 

CN 

32’32% 

32-77% 

Cl 

15-61% 

14-88% 

h 2 o 

5-60% 

5-66% 


100-18% 

100-00% 


These crystals do not change their composition or form with time. 
In the second instance microscopical yellow plates are formed which 
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are stable in contact with water. They were washed with the solution 
of ammonium chloride used for dissolving the ferricyanide, and then 
with water to disappearance of the reaction of chlorine ions. On ana¬ 
lysis the substance dried in air to constant weight showed the following 
composition: 

Found: Theory for 6V/,(.V// 4 )[ /*'<•(CA')„],. 13 1/,U: 


Fe 

12-31% 

12-04% 

Cd 

32-27% 

32-30% 

nh 4 

2-85% 

2-60% 

Cl 

3-10% 

2-55% 

ON 

33-35% 

33*66% 

IhO 

16-50% 

16*85% 


100-38% 100-00% 

The crystals are only slightly soluble in water, either boiling or 
at room temperature, being apparently not decomposed by it. 

Preparation of the lithium salt. 

66 grs of cadmium ferricyanide were dissolved on a boiling water 
bath in 400 ccs of a solution containing 72 grs of lithium chloride. 



LiCd, [f^CA’16 II 2 0 
Fig. 4. 

From the filtered reaction mixture tabular microscopic crystals of 
a reddish colour and rectangular shape separated after about 24 hours. 
They were freed from the mother liquor, washed with water to dis¬ 
appearance of the chlorine ion reaction, and left in air until they attained 
constant weight. Their analysis gave the following result: (Fig. 4.) 
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Found: Theory for Li('d t [Vc{CS)^\,. 16 H..0: 


Fe 11 "99% 12-13% 

Cd 32" 17% 32-56% 

Li 0-65°/ 0 0-50% 

CN 33 97% 33-92% 

Cl 0-06 % 0-00% 

H.,0 2Q-99°/ 0 20-89% 

99-83% 100 00% 


The crystals described are stable in air und have not changed 
their form throughout two years. They are rather insoluble in water 
at room temperature as well as at its boiling point, lithium ferricyanide 
not being given off by them even after fifteen minutes boiling. 

Besides this solid phase still another kind of crystals is formed 
from solutions of cadmium ferricyanide in lithium chloride solutions 
which, however, the author did not succeed in isolating. 


Preparation of the sodium salt. 

42 grs of cadmium ferricyanide were dissolved in 600 ccs of a satur¬ 
ated solution of sodium chloride, 50 ccs of hot water were added 
(to prevent separation of sodium chloride on cooling) and the whole 
filtered. After cooling, microscopic crystals of cubic shape, stable in 
water, were slowly formed. They were separated from the mother 
liquor, washed with water to disappearance of the reaction of chlorine 
ions and left in air until they attained constant weight. When analyzed 
they showed the following composition: 

Found: Theory for A'u, Cd :i [Fe{C .V),] 4 .20 H 2 U: 

Fe 12-27% 12-30% 

Cd 31-56% 30-94% 

Na 252% 2-53% 

CN 33-95% 34-39% 

Cl 0"50% 0-00% 

11& 19-65 % 19-84% 

100-45% 100-00% 

The crystals are difficultly soluble in cold as well as in hot water, 
and are apparently not attacked by it to any appreciable degree. They 
are separated also from solutions saturated with sodium chloride 
when hot. 


3 
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Discussion of results. 

As is seen from the empirical formulae of the substances isolated, 
cadmium ferricyanide reacts with alkali chloride solutions in a manner 
analogous to zinc ferricyanide, giving, however, a greater number 
of double salts the components of which show simple multiple 
proportions. In distinction to the corresponding reaction of the zinc 
salt, with cadmium ferricyanide, in the instances of potassium and 
ammonium as the second positive ion, the alkali chloride also enters 
the molecule of the double salt. Because the dissolution of cadmium 
ferricyanide in chlorides as well as in nitrates is quite analogous to 
the behaviour of zinc ferricyanide, it can be assumed that the explan¬ 
ation given above for the zinc salt is valid also for the cadmium salt. 

It may be remarked that the substances analyzed were not entirely 
pure which can affect the suitability of the proposed formulae. How¬ 
ever, no ordinary solvent could be found in which the substances 
described would dissolve without decomposition and from which 
they could be thus recrystallized. Some of them are soluble in water 
which, however, radically changes their composition. For this reason 
it was sometimes impossible even to wash the crystals with water, 
the substance being contaminated with mother liquor remaining in 
internal fissures and on the surface. 

, The existence of the compounds 

CdKFe(CN ) 6 , CdKFe(CN\ . 2 KOI . 5 11 JO 
and Cd(N H 4 )Fe(CN) c . 2 Nil<01 . V5 H a O 

seems to be fairly certain in view of their formal simplicity. They 
have also a characteristic crystal form, as seen on the photographs. 

But also the substances for which less simple formulae have been 
assumed, as LiOd A [Fe(CN) & ]«. 16 i/ 2 0, Na 2 Cd 6 [Fe(CN)^. 20 H./J, 
{NlI 4 )Cd 4 \Fc{CN) e ] n . NII t Cl . 13 ll./J, are definitely crystalline and are 
by no means mere physical mixtures. Only a more detailed study 
of these substances can show, whether they are real double salts 
or solid solutions in which the stoichiometrical proportions found 
would be quite accidental. 


Summary. 

The dissolution of zinc and cadmium ferricyanides in alkali chlo¬ 
ride solutions is explained by assuming that the less dissociated zinc 
and cadmium chlorides, made free by the reaction, are bound in the 
solution in the form of a complex with the chloride. 
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Double salts of cadmium ferricyanide with alkali chlorides are 
described which are formed in dissolving cadmium ferricyanide in 
hot concentrated solutions of the chlorides, the crystallization taking 
place under slow cooling. Their composition is given by following 
approximate formulae: 

CdKFn((’N) a , 

CdKFe(CN),.. 2 KOI. 5 II 2 0, 

CdNII, F<{( '2V)«. 2 Niff 7. 15 11,0 , 

LiCd t [ Fe(( 'iV T ),.,] 8 .16 ILJ ), 

NaJ '<f b [Fe(CN ) f J 4 .20 HJ) , 

Nll 4 Cd,[Fe(CN\^. Nll t n. 13 H,0. 

The behaviour of these salts towards water is also described. 

The author is indebted to Mr. J. Cadek for kindly making the 
micro-photographs. 


Institute of Analytical Chemistry II. 
of the Faculty of Chemico-Technological Engineering 
in the Ceske vysoke ucenl technicM, Prague. 
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SUR LA SEPARATION, AU MOYEN DU CARBONATE DE 
GUANIDINE EN MILIEU TARTRIQUE, DU TITANE D’AVEC 
L’ALUMINIUM ET CERTAINS ELEMENTS DE LA CLASSE 
ANALYTIQUE II ET III 

par A. JILEK et J. KOtA. 

Dans un memoire anterieur publie dans ce journal, 1 ) nous avons 
d^crit le dosage du titane au moyen du carbonate de guanidine en 
milieu tartrique et signaie la possibility d’appliquer cet agent precipi¬ 
tant a la separation du titane d’avec l’aluminium, eventuellement d’avec 
d’autres Elements non precipitables dans le milieu en question. La 
solution de ce probleme fait I’objet de la presente communication. 

Partie experimental. 

Les solutions fondamentales ont ete preparees au moyen des sul¬ 
fates de titane et d'aluminium purs (produits Merck). Leur titre a ete 
verifie par Pammoniaque, pour la liqueur titanique encore par calci¬ 
nation du residu sec apres evaporation. 

La solution titanique renfermait regulierement une faible quantity 
de silice qui, ainsi qu’il ressort de notre communication precedence 
(page 75) a ) est complement precipitee par le carbonate de guanidine 
en milieu de tartrate, ce qui fait concorder les titres trouves pour la 
liqueur titanique d’une part par la calcination du residu sec et, d’autre 
part, par le precede au carbonate de guanidine. C’est pourquoi nous 
avons pris pour base le titre determine par calcination du residu sec. 

La separation du titane d’avec l’aluminium a ete fondee sur [’obser¬ 
vation que dans ce milieu le sel titanique, chauffe & I’ebullition avec 
un exces de carbonate de guanidine, est complement hydrolyse en 
hydroxyde titanique, tandis que le sel d’aluminium n’est pas du tout 
precipite dans ces conditions. 


J ) Collection 1932, 4, 72. 
2 ) Collection 1932, 4, 75. 
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Les separations du titane d’avec 1’aluminium ont ete effectuees 
pour des quantity maximums d’environ 01 gr de chacun des oxydes 
en question, en presence de 50 cc de solution de tartrate d’ammonium, 8 ) 
en precipitant, k 1’ebullition, par 150 cc d’une solution de carbonate 
de guanidine ^ 4°/ 0 ou 75 cc de solution a 8%. Le volume total etait 
de 400 cc environ. 

Pour eviter la retention de sel d’aluminium par le predpite d’hydro- 
xyde titanique pendant le lavage, le predpite recueilli sur le filtre etait 
lave d’abord par une solution chaude de carbonate de guanidine et 
de tartrate d’ammonium de concentration egale k celle employee dans 
la precipitation, puis par une solution chaude d’azotate d’ammonium 
cl 1% environ, neutralisee au rouge methyle par de I’ammoniaque 
etendue. L’hydroxyde titanique etait calcine en creuset de platine 
jusqu’lt poids constant, I’oxyde obtenu etait pese. 

L’aluminium reste dans le filtrat etait determine par 1’ammoniaque 
apres la mineralisation des matieres organiques au moyen d’acide 
sulfurique concentre. Vu que dans cette operation il passe un peu de 
silice dans la solution, il est recommandable de purifier par I’acide 
fluorhydrique I’oxyde d’aluminium obtenu (en creuset de platine). 

Les resultats des separations effectuees de cette maniere se trouvent 
rassembies dans le tableau I (page 414). 

On y voit que notre nouveau procede de separation du titane 
d’avec 1’aluminium donne des valeurs satisfaisantes pour l’un et l’autre 
elements. Par contre, il n’est pas applicable k la separation du titane 
d’avec le fer {Fe") parce que ce dernier metal predpite k 1’etat d’hydro- 
xyde en mfime temps que le titane. 

Vu que les ions CrO 4 ", 3fo0 4 ", AsO s "’, IT et U0. 2 " ne sont pas 
predpites dans notre procede, nous avons etudie leur separation d’avec 
le titane. En ce qui concerne la separation du titane d’avec les me* 
taux alcalins, nous 1’avons dejfl mentionnee dans notre note anterieure. 3 4 ) 

Les solutions fondamentales necessaires pour les essais avec les 
dits ions ont ete prepares en se servant de produits purs Merck 
suivants: bichromate de potassium, molybdate d’ammonium, tungstate 
de sodium, trichlorure d’arsenic, 8 ) azotates d’uranyle et de thallium. 
Leur concentration approximative etait de Oi gr d’eiement en question 
pour 25 cc de solution. Les separations ont ete etudiees pour la quan- 
tite maximum d’environ 0*1 gr de Ti0 2 il c6te de 0*1 gr au maximum 

3 ) Prepare en neutralisant k I’ammoniaque une solution d’acide tartrique k 2% 
environ. 

4 ) Collection 1932, 4, 7Z 

4 ) Obtenu par dissolution d’anhydride arsenieux dans l’acide chlorhydrique. 
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de I’autre 616ment k s£parer. Le mode operatoire fitait le mSme que 
pour la separation du titane d’avec I’aluminium. Toutefois, le parte- 
naire du titane n’etait pas dose dans les filtrats. 

Tableau I. 

Separation du titane d’avec I’aluminium par precipitation au moyen 
de 150 cc de carbonate de guanidine en presence de 50 cc de tartrate 
d’ammonium. Volume total: 400 cc. 


Lavage par une 


No 

de 

Tin., 

mis en 
oeuvre 

(en mgr) 

trouve 

.11,0, (en 

mis en 

mgr) 

trouve 

Repos 
a chaud 

solution chaude: 
de de 

carbonate XII A X ( 

l’essai 

oeuvre 

en minu¬ 
tes 

ae guani¬ 
dine 1 ) 
en cc 

a 17,. 

en cc 

1. 

1400 

1409 

102-1 

101-6 

30 

100 

100 

2. 

1400 

1395 

1021 

101 8 

30 

100 

100 

3. 

560 

56-1 

102-1 

102*4 

30 

120 

130 

4. 

56-0 

56-4 

102-1 

101*3 

30 

135 

135 

5. 

84-0 

84-0 

61-3 

60*9 

30 

110 

105 

6. 

84-0 

84-4 

81-6 

81 8 

30 

105 

115 

7. 

16-8 

16-9 

40-8 

* — 

20 

115 

110 

8. 

11-2 

11-4 

40-8 

— 

20 

110 

115 

9. 

56 

52 

40-8 

— 

25 

100 

110 

10. 

1120 

111-6 

102-1 

— 

30 

125 

130 

11. 

56 

5-4 

61*2 

— 

30 

90 

110 

12. 

28-0 

28-4 

81-6 

— 

30 

115 

105 

13. 

16*8 

165 

81-6 

— 

30 

110 

110 

14. 

22-4 

22-5 

81-6 

— 

30 

120 

115 


Pour les resultats ainsi obtenus voir le tableau II page 415. 

D’une maniere generate, on a pu constater que la separation du 
titane d’avec les ions cites plus haut n’est plus si nette que dans le 
cas de l’aluminium. Lors de la separation de la paire titane-chrome, 
tant que la proportion de titane *ne depasse pas 0*1 gr de TiO« pour 
01 gr de chrome, les valeurs obtenues pour le titane sont satisfaisantes, 
bien qu’on puisse deceler du chrome dans le precipite titanique. En 
presence de molybdene ou de tungstene, les valeurs du titane sont 
bonnes si pour 0-1 gr au maximum de TiO z il n’y a pas plus de 
0‘1 gr d’anhydride molybdique ou tungstique. Si cette proportion est 

') renfermant dans 400 cc 75 cc de carbonate de guanidine et 50 cc de tart-ate 
d’ammonium de concentration citee. 
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d£pass6e, les chiffres trouvfe pour le titane sont sup£rieurs k ceux cal¬ 
culus (voir les essais 4 et 5 du tableau 11). Pour y rem£dier, il faut aug- 
menter la dose de la solution de tartrate d’ammonium de 50 cc H 60 cc. 


Tableau II. 

Dosage du titane en presence de CrO 4 ", Mo0 4 ", W 0 4 ", AsO n "', TV 
et UOi en milieu de tartrate d’ammonium par precipitation avec 75 cc 
de carbonate de guanidine a 8°/ 0 . Volume total: 400 cc. 

Lavage par une 
cc solution chaude: 

No TiO, Separa- de * rhaud decarbo- n e 

. en m £ r tion tartrate ‘ _ nate vtJ \m 

mis en 

oeuvre trouve 


Separa¬ 

tion 

d’avec 


cc 

de 

tartrate 

d’ammo- 

nium 


Repos 
a chaud 
en 

minutes 


. ,1<uc . \H.yo, 
de guam- * 

dine') a 1 /,J 

1 „' en cc 


1. 

1400 

1399 

01 grdeCr 

50 

20 

105 

2. 

560 

56-5 

0-1 * 

A 

<’r 

50 

15 

130 

3. 

840 

84-2 

0-1 » 

» 

Cr 

50 

25 

135 

4. 

486 

494 

o-l » 

» 

Mo 

50 

15 

100 

5. 

972 

986 

o-l 5 

» 

Mo 

50 

25 

110 

6. 

24-3 

24-6 

o-l » 


MoOg 

50 

20 

105 

7. 

729 

729 

o-l » 

» 

MoO ;i 

50 

45 

100 

8. 

1216 

121-1 

005 » 

» 

MoOn 

50 

15 

120 

9. 

243 

24-6 

o-i » 

A 

WO a 

50 

25 

115 

10. 

729 

72-8 

o-i » 

» 

W0» 

50 

20 

110 

11. 

972 

96-9 

01 » 


wo a 

50 

15 

110 

12. 

729 

74-3 

0-1 » 


w 

50 

25 

105 

13. 

729 

725 

0-1 > 

:>> 

As 

50 

20 

100 

14. 

729 

73-0 

0-1 9 

» 

As 

50 

30 

100 

15. 

486 

48-3 

0'05» 

» 

As 

50 

25 

115 

16. 

729 

72-9 

01 ■> 


Tl 

50 

20 

105 

17. 

729 

73-5 

01 > 

» 

Tl 

50 

20 

110 

18. 

243 

241 

0 02 » 


Tl 

50 

20 

110 

19. 

243 

24-4 

01 * 

» 

U 

60 

30 

100 

20. 

729 

730 

o-i » 


U 

60 

20 

105 

21. 

486 

48-6 

o-l » 


l T 

60 

15 

100 

22. 

486 

48-7 

0-1 > 

» 

u 

60 

20 

120 

23. 

56-0 

596 

01 » 

» 

u 

50 

20 

110 

24. 

280 

29-7 

01 » 


u 

50 

25 

100 

25. 

97-2 

96-9 

0-04» 


V 

50 

15 

120 


') renfermant dans 400 cc 75 cc de carbonate de 
tartrate d’ammonium de concentration cit£e. 


guanidine a 8% et 50 cc de 
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Si on applique notre procede k la separation du titane d’avec 
l’ion AsO B '", le precipite titanique retient une quantite notable d’arsenic, 
meme si la dose de tartrate d'ammonium est augments. Toutefois, 
tant que la quantity d’oxyde de titane ne d£passe pas Oi gr & cote de 
01 gr d’arsenic, ce dernier peut etre eiimine par calcination prolong£e. 
Dans ce cas, le precipite d’hydroxyde titanique doit Stre calcine en 
creuset de porcelaine, le platine etant partiellement attaque. Si done 
il he s’agit pas de doser I’arsenic, notre procede de separation de ce 
dernier d’avec le titane se laisse bien appliquer. II en est de mSme 
pour la separation du titane d’avec le thallium. 

Le dosage du titane en presence d’uranium ( U0. 2 ") se laisse bien 
effectuer s’il y a pour 0‘1 gr au maximum d'uranium 0^1 gr de 
TiO z au maximum et qu’on augmente de 50 cc k 60 cc le volume 
de la solution de tartrate d’ammonium. II en resulte que notre procede 
convient le mieux aux solutions tres diluees. 

Voici maintenant comment nous procedons lors de la separation 
de la paire Ti—Al: 

A la solution de sulfates de titane et d’aluminium, placee dans 
un verre k predpiter d’lena ou dans une capsule de porcelaine et 
renfermant au maximum 01 gr de Ti0 2 pour 01 gr d 'Al z O at on ajoute 
50 cc de solution de tartrate d’ammonium, 6 ) puis on neutralise, au 
rouge methyle, par NaOII ou KOH etendues jusqu’& obtention d’une 
reaction faiblement acide. Le tout est ensuite additionne de 75 cc d’une 
solution filtree de carbonate de guanidine k 8%, puis dilue par I’eau 
a 400 cc environ. Le liquide est porte k I’ebuIIition, maintenu en douce 
ebullition pendant 5 minutes environ et abandonee en endroit chaud. 
Loreque le precipite s’est depose, on filtre sur papier Schleicher-Schfill 
bande bleue. On lave ensuite, d’abord avec environ 100 cc d’une 
solution chaude renfermant dans 400 cc 75°/ 0 de carbonate de guanidine 
& 8°/ 0 et 50 cc de tartrate d’ammonium de concentration signaiee plus 
haut, puis avec une solution d’azotate d’ammonium k 1% environ 
jusqu’i disparition de I’ion S0 4 ". 

Le precipite est seche, mis dans un creuset de platine, puis, aprfcs 
combustion du filtre, calcine jusqu’d poids constant dans un four 
chauffe eiectriquement. 

Le filtrat est neutralise H I’acide sulfurique evapore k faible volume, 
et passe par un jet de pissette dans un ballon Erlenmeyer k large col 
muni d’un entonnoir. Apres addition de 25 cc d’acide sulfurique con¬ 
centre on fait bouillir jusqu’& decoloration. Le liquide refroidi est dilue 

•) On la prepare en neutralisant au rouge methyle environ 42'5 gr d’acide 
tartrique par de I’ammoniaque dilute et en ramenant le volume it 1 litre. 
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par l’eau, et Paluminium est dosl par l’ammoniaque. L’alumine obtenue 
par calcination est purifi6e, en creuset de platine, par de 1’acide fluor- 
hydrique. 

Pour doser le titane en presence de 6V0 4 ", W0 4 ", MoO x " ou U0 2 \ 
on peut se servir du m£me proc£de, si k cot6 de 01 gr au maximum 
de Ti0 2 il y a au maximum Oi gr de dr, de U, de MoO s ou de 
I V0». Lors du dosage du titane en presence d’uranium, la dose de 
tartrate d’ammonium doit etre augmentee de 50 cc k 60 cc. De la 
meme maniere, on peut encore doser le titane en presence d’arsenic 
(AsO 8 '") ou de thallium (TV), tant que la proportion de chacun d’eux 
k cdt6 de Oi gr de TiO, : ne depasse pas Oi gr et qu’il ne s’agit 
pas de doser lament passe dans le filtrat, car, bien que 1’arsenic et 
le thallium soient notablement retenus par le pr6cipite titanique, ils 
s’en laissent £liminer par une calcination prolongee. 

Institut de Chimie analytique 
de I'Ecole Polytechnique tcheque de Brno 
(Tchecoslovaquie). 



VOLUMETRIC ESTIMATION OF MOLYBDENUM BY PO- 
TENTIOMETRIC OXIDATION OF THE QUINQUE- TO THE 
SEXIVALENT STATE WITH CERIC SULPHATE OR POTAS¬ 
SIUM PERMANGANATE 

by B. STEHLIK. 

Three methods were devised for the potentiometric titration of 
molybdenum by reducing the sexi- to the quinquevalent state. 

H. H. Willard and F. Fenwick 1 ) titrate the molybdate with tita- 
nous sulphate, their results, however, are by 2 to 3% too high. 

I. M. Kolthoff and O. Tomifek 2 ) have discovered the conditions 
under which the titration with titanous chloride gives correct results, 
the most important of them being a higher temperature of the titrated 
solution (75 to 80° C) and its strong acidity (5 to 10% hydrochloric 
acid). H. Brintzinger and F. Oschatz 8 ) titrate the molybdate 
with chromous chloride in a warm solution acidified strongly with 
hydrochloric acid, and saturated with potassium chloride. The first 
inflection on the titration curve occurs after the reduction to the 
quinquevalent molybdenum, a further one, however, only after the 
reduction to the tervalent state. W. Trzebiatowski 4 ) reduces the 
molybdate to the quinquevalent stage with stannous chloride in the 
cold, the solution containing 50% of concentrated hydrochloric acid 
and some ferrous ammonium sulphate as catalyst. A disadvantage of 
all these methods is the instability of the titrating solutions, which 
are very easily oxidized by atmospheric oxygen. 

The difficulties met with in estimating molybdenum by reducing 
the molybdate with zinc to the tfervalent state, and titrating back with 
potassium permanganate, are evident from a series of communications 8 ) 
terminated only after sixty years by a publication of G. G. Reissaus. 6 ) 
Instead of zinc B. Glasmann 7 ) uses magnesium, N. Kano 8 ) cad¬ 
mium amalgam and W. D. Treadwell*) lead prepared by dipping 
zinc into a feebly acidified solution of lead acetate. These estimations 
by a complete oxidation of the ter- to the sexivalent stage suffer from 
the unfavourable circumstance that, on the one hand, it is never cer- 
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tainly known that the molybdenum has been reduced quantitatively 
to the tervalent state, and on the other hand, that the tervalent molyb¬ 
denum is very easily oxidized by atmospheric oxygen, and requires 
therefore elaborate precautions to avoid atmospheric oxidation during 
titration. The titration of molybdenum the valency of which is higher 
than three must be thus considered as an improvement of the method, 
partly because the reduction to the tervalent stage need not be quanti¬ 
tative, partly because the danger of oxidation by atmospheric oxygen 
is considerably lessened. 


Oxidation in presence of sulphuric acid. 

E. Muller in collaboration with P. Brun and O. Unger 1 '*) 
reduces the solution of molybdate acidified with sulphuric acid by zinc 
and then titrates with «' 10 potassium permanganate. Fig. 1 reproduces 



his titration curves, obtained at 18° C and at 60—70° C. A pronounced 
inflection is apparent only after the oxidation of the quinquevalent 
molybdenum to the sexivalent form. The less marked jump after the 
oxidation of the ter- to the quadrivalent stage is somewhat delayed, 
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especially in the cold. Instead of 10 0 ccms of potassium permanganate 
10 3 ccms were required at 60—70°C, and even 12 ccms at 18°C, to 
oxidize completely the tervalent form to the quadrivalent one. 

E. Muller explains this by supposing that the reaction 

Mo m + Mo v — 2 3fo lv 


proceeds very slowly. In adding potassium permanganate the tervalent 
molybdenum is oxidized also to the quinquevalent stage, because the 
tervalent molybdenum is quickly exhausted in the immediate neigh¬ 
bourhood of the drop of the oxidizing agent. If the quinquevalent 
molybdenum thus formed, after stirring the solution, does not react 
sufficiently quickly with the tervalent one to give the quadrivalent form, 
too much permanganate is used up — according to Mii Her — to oxi¬ 
dize the ter- to the quadrivalent state, and for this reason the jump 
on the titration curve occurs later than at the theoretical point 
However, if M ii 11 e r’s supposition is examined more closely, a con¬ 
clusion just contrary to his is arrived at. The potential on the platinum 
electrode is according to Nernst’s formula 


E = Eo(Ct) + 


0,059 

2 


. log #2 • 


[3fo v ] 
W] ’ 


where £„(«,) is the value of E , when at the given acidity of the solu¬ 
tion [Ce ls, \ = [Ce m ], the equilibrium constants 3, and /, 2 being defined 
by the expressions: 


_ [Ce"][Mo™\ _ [Ce^\[M<n 

1 “ [&•«] [W v ] an “ [Ce n, ] [3/o v ] • 


If in titrating tervalent molybdenum the quinquevalent form is pro¬ 
duced, which is not reduced by the excess of the tervalent one to the 
corresponding equilibrium concentration, which is very low, then the 
concentration of the quinquevalent molybdenum is increased by several 
orders, and this causes a sudden rise of E. If the reaction between 
the ter- and quinquevalent molybdenum is not sufficiently rapid, then 
within the space around each freSh drop of the oxidizing agent both 
the ter- and quadrivalent molybdenum are oxidized simultaneously 
to the quinquevalent stage in the proportion of their concentration. 
For this reason the exhaustion of the tervalent molybdenum is not 
indicated by a sudden jump on the titration curve, its concentration 
decreasing only gradually. Under the above-mentioned supposition 
the sudden increase of E should occur earlier than we would except 
it normally, and not later as is assumed by MOiler. 
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We shall thus propose another explanation of the experimental 
results of E. Muller and his collaborators. When a molybdate is 
reduced with chromous chloride according to H. Brintzinger and 
F. Oschatz, 8 ) as well as in the electroreduction with a platinum 
electrode according to A. Chilesotti, 11 ) first quinquevalent molyb¬ 
denum is formed which is then reduced directly to the tervalent 
form, the quadrivalent stage being omitted. We can thus assume 
that the tervalent molybdenum is oxidized directly to the quinquevanlet 
one in the titration. The potential difference on the platinum electrode 
is then given by the relation 


where 


,, . 0-059 . , , [y¥o vl ] 

J,j — ^o(c-o) 4 3.• log '•! ”2 • -p^iiip 

[CVvp[3/ 0 ».] [rv.vj [ iVo V] 

1 [C e " , | s [itfoVl ana *2 [CV 11 ] [ilfo vl ] 


The sudden increase in slope of the titration curve occurs pre¬ 
maturely, as soon as the reaction 

2 Mo vl + Mo'" — 3 Mo v 

is checked. 

W. Wardlaw and N. D. Sylvester 12 ) studied the action of 
sulphur dioxide on molybdenum of various valencies in presence of 
sulphuric acid at 90° C and found that sexivalent molybdenum forms 
a stable complex with the quinquevalent one; the average valency of 
molybdenum in this complex depends on its concentration and on the 
acidity of the solution, having a value between 3'8 and 4-3. F. Foer- 
ster, E. Fricke and R. Hausswald 18 ) observed in reducing 
molybdates electrolytically in a sulphuric acid solution, that after 
reduction of sexivalent molybdenum the platinum electrode is polarized, 
until the reduction of the quinque- to the tervalent stage had proceeded 
about half-way. This polarization is caused by a diaphragm formed by 
hydrolytic products of the ter- and quinquevalent molybdenum. Both 
papers mentioned point to a probable existence of the same stable 
complex with an average valency of molybdenum equal approxi¬ 
mately to four, in titrating tervalent molybdenum this complex is 
formed, and because it decomposes only very slowly, an exhaustion 
of tervalent molybdenum and therefore also a sudden jump in the 
potential on the electrode occurs, when the reaction Mo m -* Mo v 
has proceeded to about 50°/ o . During further titration this complex 
is slowly decomposed, and oxidized simultaneously with the quin¬ 
quevalent molybdenum, because the solution does not contain enough 
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tervalent molybdenum with which the sexivalent molybdenum formed 
could react to give the quinquevalent one. That the jump on the 
titration curve occurs in cold solutions later than in hot ones, can 
be explained by a slower hydrolysis at lower temperatures. 

The diaphragm on the platinum electrode formed in the electro¬ 
reduction of quinquevalent molybdenum is according to Foerster 
and his collaborators less stable in dilute hydrochloric acid solutions 
than in those acidified with sulphuric acid; in concentrated hydro¬ 
chloric acid solutions it does not occur at all. For this reason further 
experiments were made with solutions strongly acidified with hydro¬ 
chloric acid. 

Oxidation in hydrochloric acid solutions. 

The potential on a spiral platinum electrode was measured against 
a decinormal calomel electrode by means of a cylindrical resistance 
bridge, one division of the scale corresponding very nearly to two 
millivolts. The access of air to the titrated solution was prevented by 
bubbling carbon diodixe at the bottom of the beaker through the 
solution, the gas spreading over its surface. The titrated solution, the 
temperature of which was maintained at 80° C, contained after re¬ 
duction always about 50°/o of concentrated hydrochloric acid, so that 
besides the emerald green quinquevalent form only the more stable 14 ) 
brick red form of tervalent molybdenum could be formed. 

The molarity of the solution of sodium molybdate was determined 
gravimetrically to 007168 by precipitating the sulphide and igniting 
it to molybdenum trioxide. The molarity of the solution of ceric 
sulphate in 1 -n sulphuric acid was found 0'05926 by titrating with 
sodium oxalate according to H. H. Willard and P. Young. 15 ) The 
oxidation of quinque- to sexivalent molybdenum requires thus 
12*10 ccms of the ceric sulphate solution to 10 ccms of the sodium 
molybdate solution used. 

If a molybdate is reduced with titanous chloride under conditions 
stated by I. M. Kolthoff and O. Tomffiek, 2 ) values by about 2°/ 0 
higher than theoretical are obtained, when the salt is oxidized back¬ 
ward with ceric sulphate. This may be explained on the basis of 
the following experiment: If to a molybdate solution acidified with 
sulphuric acid a few ccms more of titanous chloride are added than 
are necessary for reduction to the quinquevalent state, the potential 
on the platinum electrode falls to a value corresponding to the simul¬ 
taneous presence of the ter- and quinquevalent form, but after adding 
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a few drops of ceric sulphate it begins to rise slowly, and after 
about half an hour becomes steady at a value corresponding appro¬ 
ximately to the simultaneous presence of the quinque- and sexivalent 
molybdenum. A further sudden jump appears only after a complete 
oxidation of the quinquevalent state. Thus we obtain for the amount of 
ceric sulphate necessary for the reaction 71/7, v — Mo vl values too high 
by 10% and even more. In reducing the solution the sudden change 



in the potential on the electrode occurs on the whole at the right 
moment, because the newly formed tervalent molybdenum does not 
react with the quinquevalent one quickly enough to form the hydro¬ 
lytic products which, however, interfere in the oxidation, especially 
because cerium — as it is evident from the mentioned experiment — 
accelerates their formation catalytically. Similarly the hydrolytic pro- 




424 


ducts intervene in the solutions acidified with hydrochloric acid 
mainly during oxidation, though in a smaller measure. 

Correct results are obtained by the oxidation, if some manga¬ 
nous sulphate is added to the solution reduced with titanous chlo¬ 
ride, and containing about 50% of concentrated hydrochloric acid 
(e. g. 1 gr to 50 ccms of the solution). The first two tables and Fig. 
2 show that for 10 ccms of the sodium molybdate in presence of 
manganous sulphate the theoretical amount, namely 1210 ccms of 
ceric sulphate, was used up. In absence of manganous sulphate 
12*35 ccms were required. The manganous sulphate acts probably as 
a catalyst, accelerating the decomposition of the hydrolytic complex 
of the ter- and quinquevalent molybdenum. 



Similarly also the errors which arise in titrating molybdate re¬ 
duced with zinc or lead prepared according to W. D.Treadwell 8 ) 
can be avoided by adding manganous sulphate The curves do not 
show the least sign pointing to the existence of quadrivalent mo¬ 
lybdenum (see Fig. 3). The catalytic effect of manganous sulphate 
reveals itself in the second half of the oxidation of the tervalent 
molybdenum by the potential on the electrode rising always quickly 
a little after each addition of ceric sulphate and falling then rather 
slowly to a constant value. 
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Potentiometric titration of molybdenum with ceric sulphate 
at 80° C in a solution containing 50°/ 0 of hydrochloric acid. 

(»: reading of the burette, a: reading of the bridge wire) 


Table 1. 

After red. with Tidl,, 
without -ViiNO,. 

n a 

00 —9 

05 —4 

1*5 7 

20 17 

21 23 

2'2 39 

225 72 

23 86 

24 92 

2-5 98 

30 112 

40 120 

6-0 135 

80 140 

100 148 

120 155 

130 161 

140 178 

145 210 

1455 239 

14-6 316 

14*7 330 

15*0 345 


Table 2. 

After red. with TiCL { 
and addition of MnSU,. 

n a I at I n 

00 8 

10 —3 

2-0 5 

25 15 

27 23 

2-8 28 

2-9 40 

2- 95 50 

30 80 

3 05 92 

31 100 

3- 5 120 

4- 0 128 

9-0 155 

11-0 163 

140 184 

14-5 194 

14- 8 206 

150 225 

1505 240 

151 289 

15- 15 302 

15-2 306 


Table 3. 

After red. with A'ltCf, 
and addition of MnS() i . 

it a 1 a/A u 

00 — 46 

20 — 42 

35 — 32 

3 9 — 20 

40 —11 

405 3 

41 10 

4- 6 18 

48 23 

5- 0 32 

5-05 40 

51 70 

5-2 90 

55 109 

60 118 

11*0 144 

160 170 

16- 5 178 

17 0 201 

17*1 215 

1715 231 

17- 2 291 

17*3 298 


1 til A it 

10 

11 

20 

60 

160 

660 

280 

60 

60 

28 

8 

8 

3 

4 
4 
6 

17 

64 

580 

1540 

140 

50 


5 

8 

20 

40 

50 

120 

200 

600 

240 

160 

50 

16 

5 

4 

7 

20 

40 

95 

300 

980 

260 

80 


2 

7 

30 

90 

280 

140 

16 

25 

45 
160 
600 
200 

63 

18 

5 

5 

16 

46 
140 
320 

1200 

70 
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When the solution is reduced by stannous chloride, the titration 
curve shows first two jumps, as is apparent from Table 3 and Fig. 3. 
The second one of them corresponds to the complete oxidation of 
tervalent molybdenum. Because the oxidation-reduction potentials 
6'« IV /6’« n and Mo v jMo m differ only a little from each other, it may 
be expected that the reduction of the quinque- to the tervalent mo¬ 
lybdenum by stannous chloride is very slow and proceeds only to 
a small extent under the conditions of the experiments. In titrating 
with ceric sulphate first the remaining bivalent tin is oxidized and 
then the tervalent molybdenum. This explanation is supported by 
the fact that the potential difference in the beginning of the titration 
corresponds to the value of the oxidation-reduction potential S>i lv /Sn 11 
and that the distance between the first two inflections changes con¬ 
siderably with the conditions of the experiment. The amount of 
ceric sulphate used between the second and the third jump gives 
the correct results for the analysis. Stannous chloride seems to be 
the best of all the mentioned reducing agents, because in this in¬ 
stance only a small quantity of tervalent molybdenum is formed, and 
thus the danger of disturbing complications is diminished. 

The estimation of molybdenum in hydrochloric acid solution in 
presence of manganous sulphate was repeated by titrating potentio- 
metrically with a 0 , 07632 n. solution of potassium permanganate. For 
the oxidation of quinque- to sexivalent molybdenum always the theo¬ 
retical amount of 9 - 40 cans of potassium permanganate to 10 ccms 
of sodium molybdate was found, whether the solution was reduced 
with titanous chloride, lead or stannous chloride. In the second in¬ 
stance a confirmation was obtained again of the assumption, that 
tervalent molybdenum is oxidized directly to the quinquevalent state. 
In the last case again the double jump was observed as in the titra¬ 
tion with ceric sulphate. 

This study was begun in the Institute of analytical chemistry of 
the Charles University at Prague and finished in the Physico-chemical 
laboratory of the Masaryk University at Brno. The author’s thanks 
are due to Professors O. TomiCek and A. Simek for giving ne¬ 
cessary facilities and valuable advice. 

Summary. 

Molybdenum can be estimated by potentiometric titration in oxi¬ 
dizing the quinquevalent to the sexivalent form with ceric sulphate 
or potassium permanganate. The molybdate is reduced either with 
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titanous chloride or zinc or lead or stannous chloride, and then ti¬ 
trated in a hot solution through which carbon dioxide is bubbling 
and which contains 50% of concentrated hydrochloric acid and 
some manganous sulphate, the manganous sulphate probably acce¬ 
lerating catalyticaily the decomposition of the stable hydrolytic com¬ 
plexes of the ter- and quinquevalent molybdenum causing too high 
results, in absence of manganous sulphate, (especially in sulphuric 
acid solution). 

June 21st, 1932. Institute of physical chemistry , 

Masaryk University, Brno. 
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ELECTRO-OSMOSIS ON A CERAMIC DIAPHRAGM 
IN AQUEOUS SOLUTIONS OF SOME ALKALI HALIDES 

by J. VELfSEK and A. VASICEK.*) 


In connection with an earlier communication 1 ) the authors will 
give in the present paper the results of measurement of electro¬ 
osmosis on the ceramic diaphragm P 26i) **) in water solutions of 
lithium, sodium and potassium chlorides and of potassium bromide 
and iodide at concentrations between 000005 and 1'0-normal. 
In these measurements it is important, first of all, to characterize the 
diaphragm by the electro-osmotic transport, caused by 1 F (- 96.500 
couloumbs) of electricity, and by the electrokinetic potential, eventually 
to investigate the influence of the anion and kation respectively on 
the electro-osmotic behaviour of the diaphragm in question. 

In the present time stress is laid especially on the question studied 
by several investigators, whether the Helmholtz-Smoluchowski 
expression for the electrokinetic potential, 


t ( 0 , 

is valid, from which it follows that the volume of the solution, v, 
transferred electro-osmotically in unit time, is proportional to the 
current, 7, and analogously, that the streaming potential, E, is pro¬ 
portional to the pressure, P, 

Z-~-C-y- (2), 

where C has the same meaning in both equations, namely 


*) The results of this investigation were published partly in Czech in Chem * 
Listy 1932, 26, 503 and 507, in the Number celebrating the 60th birthday of Pro¬ 
fessor Emil Votofiek. 

**) Made by the Berlin Porcelain Manufacture from Prof. K 6 n i g’s filtering mass. 



429 


t) being the viscosity of the measured solution within the capillaries 
of the diaphragm, l its specific conductivity — or more accurately 
that of the system: diaphragm + the solution —, and 1) the di¬ 
electric constant of the solution. According to the theory the ratio 

y — p- should be constant,*) and thus the electrokinetic potential 

must be a constant characteristic for the diaphragm used in measu¬ 
rements at a definite concentration of the given solution, ft is sup¬ 
posed, of course, that the streaming of the liquid within the pores 
of the diaphragm is laminar, and that the current is not so strong 
that disturbances could arise through Joule’s heating effect. 2 ) 8 ) 

Instead of the equation (1) more often the equation 


4 jt t) n l 

D V q 


(4) 


is used in electro-osmotic measurements, derivable from (1) by re¬ 
placing ~, from Ohm’s law, by • - , 4 ) V being the external po¬ 
tential difference on the diaphragm. The resistance capacity of the 


diaphragm, ? , has to be measured separately. Because the quantity 

of solution transferred in unit time is measured by displacement of 
a bubble of gas in a calibrated capillary, thus by the time, T, elapsing 
during the transit of the bubble between two marks on the capillary 
limiting a volume, w, the electrokinetic potential can be expressed 
finally by 


„ 4 Tit) w 1 ^ 

~T'r q 


The law of proportionality between the volume of the solution 
transferred in unit time and the current, is identical with the law 
that the product of time, T, necessary for the transport of a constant 
volume of the solution and the potential difference on the diaphragm, 
V, is a constant. 

In this direction measurements were made by Briggs, s ) Martin 
and Gortner, 5 ) Lachs and Biczyk, 6 ) Ettisch and Zwanzig 7 ) 
using the method of streaming potentials and with results which are 
often at variance with the above-mentioned law. Electro-osmotic 
measurements were made to the same purpose by Schonfeldt, 8 ) 
Manegold and Solf 9 ) and Kohler. 2 ) These authors found also 

*) The validity of this relation was investigated experimentally by U. Saxen: 
Ann. Physik 1892, 47. 46. 
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deviations from the law of direct proportionality between the volume 
transferred in unit time and the current. Contrary to the results of 
Schonfeldt with a ceramic diaphragm Biirgl 10 ) confirmed by 
the method of streaming potentials, also on a ceramic diaphragm, 
the direct proportionality between the measured streaming potential 
and the excess pressure. 

In our own work we have not studied more fully the depend¬ 
ence of the electrokinetic potential on the current. We measured, 4 ) 
it is true, the transport of a solution using another ceramic diaphragm 
at three different potential differences of 0 - 8, 10 and 1*2 volt. In this 
range the product T. V was constant within the limits of experi¬ 
mental errors, but it is necessary to remark that the differences of 
voltage or current were comparatively small, so that no definite con¬ 
clusions could be made. In the present work the same ceramic dia¬ 
phragm, P 26 i,, was investigated which was studied by Biirgl (I. c.) 
using the method of streaming potentials; the transport and the 
current were measured at only one optimal potential difference on 
the diaphragm (0'5—1*0 volt), because of the difficulty of using 
higher currents, for the passage of the bubble serving as indicator 
of the measured transport would be so rapid, that it would not allow 
a simultaneous reading of the current, measured by means of a pre¬ 
cise compensator. An accurate measurement was possible only when 
the time of passage of the bubble in the capillary between both 
marks was not less than 70—90 seconds. It is also not advisable to 
work with too low currents, because then the too long duration of 
the experiments would be a source of other errors. 

Description of the apparatus. 

The apparatus used is essentially similar to that employed by 
Fairbrother and Mas tin, 11 ) but is substantially simplified, as is 
seen in Fig. 1. Both main parts of the apparatus, A and A', 3 cms 
in diameter, have flanges between which the circular disc of the 
diaphragm is placed. The vertical side tubes, B and B\ have also 
flanges, to which the upper part'of the apparatus with the capillary, 
K y about 12 cms long, is joined. One of these tubes has a stopcock, 
F, the other one E, is closed by a pinchcock slipped on a rubber 
tube attached to this glass tube. The width of the tubes is about 
1 cm. The capillary, K, is made of Jena glass and is divided by etched 
marks into two parts, 5 cms long. For measurements of very low 
transports a capillary of much smaller radius was used, in order to 
increase the sensitivity. On one end of the capillary a platinum wire 
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is fused in before the mark, on which a small gas bubble is formed 
by electrolysis. The movement of this bubble indicates the volume 
displacement of the solution, caused by electro-osmosis during the 
passage of the current. To the main parts of the apparatus two ves¬ 
sels, (' and (", are annexed by means of ground joints which contain 
electrodes for supplying the current, and the side tubes, D and />', 
which extend up to the diaphragm, are connected to the main tubes 
by means of pieces of rubber tubing. Both these tubes contain elec¬ 
trodes used in measuring the potential difference on the diaphragm. 



The capillary, K, was calibrated before putting the apparatus to¬ 
gether. The volume of the part 10 cms long between the side marks 
is 0‘05589 ccm in the wider, and 0‘02367 corn in the narrower capill¬ 
ary. Due attention was given to the cleanliness of the inner surface 
of the capillary. 

The current was led to the apparatus by reversible electrodes 
consisting of cylindrical spirals of silver wire, covered by a layer of 
silver chloride (eventually bromide or iodide), formed by electrolysis 
from a 1'0-normal solution of the corresponding potassium halide, 
a platinum wire being used as cathode. These electrodes were im¬ 
mersed into a 1’0-normal solution of the measured salt, and had 
a fully sufficient capacity. The conducting connection with the inside 
of the apparatus was attained by means of a solidified 4% solution 
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of agar-agar in a 01-normal solution of the measured salt. Quite 
analogously constructed electrodes for measuring the potential dif¬ 
ference on the diaphragm were immersed also in the side tubes, 
D and /)'. The ends of the glass tubes reaching up to the diaphragm 
were also filled with the same solution of agar-agar. 

The experiments were performed at a constant temperature of 
25° C in an electrically heated oil thermostat. 

The chemical and hydrodynamical properties of the diaphragm 
used have been investigated fully by Biirgl (I. c., p. 28 et seqq.). 
Its effective diameter, depending on the dimmensions of the appa¬ 
ratus, was about 3 cms, and the thickness about 3'2 mms. For each 
electrolyte measured another diaphragm was used. 

The apparatus was put together as follows: The ceramic diaphragm, 
previously carefully washed with distilled and redistilled water under 
reduced pressure, was placed first between two ebonite rings and 
its external boundary as well as the ebonite rings were covered with 
pure Merck’s paraffin wax. On both sides of the diaphragm pairs 
of platinum electrodes, H and IT, t and T, covered with platinum 
black, were appended to the ebonite rings, enabling the electric con¬ 
ductivity of the solution on both sides of the diaphragm, as well as 
that of the solution inside the diaphragm to be measured. Both 
the main parts of the apparatus, A and A', were joined to the dia¬ 
phragm by means of a mixture of equal parts of bees-wax and 
colophon. Then the side tubes, I) and T)\ with electrodes already 
inserted, were put into the main tubes, care being taken to insure 
their proper position by appropriate holders. A perfect tightness was 
attained again by covering the connecting rubber tubing with the 
mentioned mixture. The complete tightness of the apparatus was 
controlled by filling it with distilled water. The upper part was an¬ 
nexed only after the apparatus had been filled with the solution to 
be investigated. The exchange of the solutions was made always 
after removing the upper part. 

For making the solutions Merck’s preparations “pro analysi” 
were used. 

Before each measurement the apparatus was washed out with 
the solution to be measured, the sequence in a series being always 
from the less to the more concentrated solutions; the diaphragm was 
washed out electro-osmotically, the current being commuted from 
time to time. The apparatus was then rinsed out again, and finally 
filled with the measured solution. The time of three hours was found 
sufficient for the solutions to attain the temperature of the thermostat 
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The conductivity of the solution was measured simultaneously in 
a separate conductivity wessel immersed in the same thermostat in the 
usual manner. 

The current, /, and the potential difference on the diaphragm, V, 
were both determined by compensation, using two K -type potentio¬ 
meters of Leeds and Northrup. T was estimated by measuring 
the potential difference on a standard resistance of 100 ohms or, at 
higher concentrations, of 1 ohm, in series with the apparatus. In each 
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measurement the direction of the current was changed in order to 
eliminate eventual irregularities in potentials of the used electrodes 
and accidental influences on the movement of the gas bubble, e. g. 
the slight deviation from the perfectly horizontal position of the capill¬ 
ary, etc. The time necessary for the transit of the bubble between 
the marks, distant 10 cms from each other, was measured by means 
of a stop-watch, the passage being followed by a telescope. As is 
seen, the diaphragm and the solution formed a closed whole, as in 
the work of Briggs, Bennett and Pierson, 12 ) and that of Fair- 
brother and Mastin. 11 ) 
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Results of measurements. 

The amounts of solution transferred electro-osmotically by 1 F of 
electricity are represented graphically for all investigated electrolytes 
in Fig. 2, the common logarithms of the dilutions, and thus of the 
reciprocal values of the normalities, being recorded as abscissae, and 
the volumes of the electro-osmotically transferred solutions, measured 
in litres, as ordinates. According to Manegold and Solf 9 ) this quan¬ 
tity characterizes the so called electro-osmotic permeability, which, 
however, these authors express in cans per 1 coulomb. It is seen 
from the graph, that for all solutions investigated (LiCl, NaCl, KOI, 
KBr, KI) the values of the electro-osmotic transport in not too dilute 
solutions lie on one curve; thus, that the electro-osmotic transport 
caused by the same amount of electricity is practically the same for 
all the mentioned solutions at the same normality. The scattering 
of points corresponding to the lowest concentrations is connected 
probably with the possible shifting towards higher concentrations 
because of the contact with the agar-agar electrodes supplying the 
current, though this contact was restricted to very small surfaces. 
However, the above statement is also not exactly valid for concentrated 
solutions. At the highest concentrations, where the electrolytic trans¬ 
port (hydration) is already coming into play, the character of the indi¬ 
vidual salts makes its appearance. This is also in accord with the 
results of hydration measurements, made e. g. by V e 1 i § e k 18 ) on water 
solutions of alkali chlorides. The influence of the individual salts on 
the measured transport in more concentrated solutions is seen from 
Fig. 3, where the abscissae correspond to dilutions expressed in litres 
of the solution containing one gram-equivalent of the salt, and the 
ordinates to the volumes of the solutions in litres transferred by 1 F 
of electricity. It is apparent, that the transports measured for lithium 
and sodium chlorides differ only very little from each other, their 
absolute values being the highest ones, whereas those for the potas¬ 
sium salt solutions are lower falling off from the chloride to the 
iodide, as is also seen from the following numbers corresponding 
to the O’l-normal concentration": LiCl 1"66, NaCl 1 *65, KCl 0*79, 
KBr 0*57, KI 0"30 litres. From the 0-05-normal concentration down¬ 
wards this distinct sequence disappears, and the measured values do 
not differ appreciably from each other, as is seen from the numbers 
found for the 0002-normal concentration: LiCl 80"5, NaCl 76"0, 
KCl 78-7, KBr 76"8, KI 733 litres. 

As to the potassium chloride solutions, whereas in the earlier 
work 4 ) with a “kaolin” diaphragm the transport amounted to at most 
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about 36 litres (see the dashed line of Fig. 2), it is with the diaphragm 
Pm, about ten times as large (344 litres). To about 0‘02-normal con¬ 
centration there is no great difference in electro-osmotic permeability 
between these two diaphragms. The differences become larger, how¬ 
ever, the more dilute are the solutions. The diaphragm P 2 bi< is far 
more electro-osmotically permeable than that designated as the kaolin 
diaphragm. As will be mentioned still later, the electro-osmotic be¬ 
haviour of the diaphragm P^b indicates that it has wider pores than 



the kaolin one. Then these results are in accord with those of Mane- 
gold and Solf on collodion membranes, according to which the 
electro-osmotic permeability is the higher, the wider are the pores 
of the diaphragm (I. c., p. 301). 

Our measurements of the conductivity of solutions of the mentioned 
salts, of the system: solution + diaphragm, and special conductivity 
measurements of the same solutions in a separate conductivity vessel 
confirm the known observations, that the conductivity is considerably 
increased within the capillaries of the diaphragm, which phenomenon 
comes to light especially in very dilute solutions (Fairbrother and 
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Mastin, Manegold and Solf, see also our earlier communication, 
and Biirgl’s paper), however, in concentrated solutions this pecu¬ 
liarity disappears entirely. The ratio: conductivity of the system: 
solution + diaphragm: conductivity of the solution in the conducti¬ 
vity vessel, has a value of unity down to about 0 05-normal concentra¬ 
tion (both conductivities are identical), then it increases continually 
with increasing dilution. However, this increase was faster with the 
“kaolin” than with the P 2 6^ diaphragm, which again indicates, that 
the finer are the pores of the diaphragm, the more this increased 
“surface conductivity” comes to the front. 

It was mentioned before, that in order to prevent the difficulties 
connected with the determination of the conductivity within the capil¬ 
laries of the diaphragm, occuring in the formula for the electro- 
kinetic potential, 


4 71 )] w /. 

~~D" T ' 1 


( 6 ), 


one determines, according to Fairbrother and Mastin,") the 
resistance capacity of the diaphragm in concentrated solutions, where 
the influence of surface phenomena is already negligible. For con¬ 
centrated solutions we can calculate from Ohm’s law 

'' I7 <- 

where V is the potential difference on the diaphragm, the resistance 
capacity, eventually its reciprocal value, the conductivity capacity, 

, of the diaphragm, which way was followed also by Hepburn. 1 *) 

For our diaphragm the calculated conductivity capacity, ~ } was 

constant down to about 005-normal concentration of the potassium 
chloride and iodide solutions, and to about 0'02-normal concentration 
of the lithium chloride, sodium chloride and potassium bromide solu¬ 
tions. For the most dilute solutions the increase of the conductivity 
capacity of the diaphragm used was about twofold, whereas for the 
“kaolin” diaphragm it was about sevenfold. 

According to H e p b u r n, when determining the conductivity capa¬ 
city of the diaphragm (the arithmetical mean of the constant values 

~) and the conductivity within the capillaries of the diaphragm (the 
system: solution -f- diaphragm) we can divide the total current flowing 
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through the diaphragm into two components, the voliaic current, 
i q ----- V • • X, and the surface current, i u — I — i q . The significance 

of this division becomes clearer by considering the ratio of both 
these currents ~ . 

*9 

As to this ratio of the surface current to the voltaic current, , 

Iq 

there is no typical difference in the influence of the salts investi¬ 
gated. The diaphragm P*** is characterized — and this holds for the 
solutions of all mentioned salts — by this ratio being generally small, 
on an avererage 0‘7 for the most dilute solutions, whereas with the 
“kaolin” diaphragm it was nearly 6 (for a solution of potassium chlo¬ 
ride), which again confirms our view of the capillary structure of both 
diaphragms. 

If the conductivity capacity or the resistance capacity, jf , of the 

diaphragm used is known, it is possible to determine the electro- 
kinetic potential from the formula (5). In our former work we did 
not calculate the electrokinetic potential explicitly, but only implicitly 

the expression , because no reliable experimental values of the 

dielectric constants of the investigated solutions in the given range of 
concentrations are yet known. A further question is, as pointed out 
by Manegold and So If (I. c., p. 279) whether it is admissible to 
take for the coefficient of viscosity the values measured by means 
of viscometers, e. g. that of Ostwald. For this reason, only to be 
able to compare the results, we shall assume for the dielectric constant 
of the solutions the value I) — 80, and for the coefficient of viscosity 
the value tj— O'Ol grjcm sec, which values were used also by Biirgl. 
The given values of the electrokinetic potential can thus serve for 
orientation only, being not absolutely correct. 

These values are represented graphically in dependence on the 
logarithm of dilution in Fig. 4. The curves shown can be divided 
into two groups. One of them (with a maximum of the electrokinetic 
potential) is formed by the solutions of the alkali chlorides, the other 
one (without a maximum) by the solutions of potassium bromide and 
iodide. The maximum is highest for the solution of potassium chlo¬ 
ride (42-3 millivolts), then follows the solution of sodium chloride 
(396 millivolts), and then that of lithium chloride (36‘3 millivolts). The 
maximum is most pronounced for lithium chloride, becoming gradually 
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flatter for the sodium and potassium salts. For the solutions of potassium 
bromide and iodide the electrokinetic potential increases continually, 
more slowly, however, for the bromide than for the iodide. For this 
last salt also the highest value of 48-5 millivolts was found in the 
0'00005-normaI solution. The behaviour of the representative types, 
i. e. of the solutions of lithium chloride, potassium chloride and 
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potassium iodide, is clearly shown in Fig. 5, where the electro- 
kinetic potential is represented as a function of electric conductivity, 
which method of plotting is used also by Schdnfeldt 15 ) in studying 
the influence of solutions of different salts on the electrokinetic po¬ 
tential of the ceramic diaphragm P, 0 of the same Berlin factory. In our 
instance this graphic representation is valuable also for the reason, 
that we are not led into error by the concentrations, for as has 
already been said, in the most dilute solutions higher concentrations 
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must be assumed than those given in the graphs. Fig. 5 exhibits 
well the influence of the three given salts on the values of the electro- 
kinetic potential. The maximum of the electrokinetic potential in the 
solution of lithium chloride is very pronounced, and occurs at higher 
concentrations than in the solution of potassium chloride. The solution 
of potassium chloride represents a transition type between the solu¬ 
tions of lithium and sodium chlorides on the one side, and those of 
potassium bromide and iodide on the other side. The maximum in 



potassium chloride solutions is shifted to lower concentrations and 
is not so pronounced as in lithium chloride solutions. The solutions 
of potassium iodide have no maximum at all, and the electrokinetic 
potential falls off continually with increasing conductivity first rapidly, 
then more slowly along an exponential curve. 

According to Schonfeldt’s criterion, and in agreement with his 
results on the ceramic diaphragm P, 0 , we may consider the salts investig¬ 
ated as electro-osmoticaily inactive towards the diaphragm P^t. 

Special attention will be now given to the results obtained on 
the same diaphragm P 26 t> by Biirgl, using the method of streaming 
potentials for solutions of potassium chloride, which results will be 
compared with ours on solutions of the same salt. Representing 
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graphically Biirgl’s values for the electrokinetic potential*) as de¬ 
pendant on the logarithm of dilution (see Fig. 4, straight line marked 
by the letter B), it is apparent that this dependence is linear within 
the limits of experimental error, the electrokinetic potential being 
given by the expression 

I -- a -f- b .log ~ millivolts (8), 

where a and b are constants which can be determined from the 
measurements, e. g. by the method of least squares (a — — 10 - 8j, 
b — 8'61 8 ). The electrokinetic potential measured by the method of 
streaming potentials is, from a certain dilution, proportional to the 
logarithm of dilution.**) Admitting an extrapolation in the direction 
to higher concentrations, it is seen that the electrokinetic potential 
appears only at a definite minimum concentration, about 0 05-normal. 

It is seen from Fig. 4 that the values of the electrokinetic poten¬ 
tial are, in the two instances, quite different functions of concentr¬ 
ation, the values found by the two different methods being nearer to 
each other only in the most dilute solutions. In view of the fact that 
the two methods used are essentially different, and the measurements 
were made under different experimental conditions — apart from the 
circumstance that our measurements were performed at temperatures 
about 5° C higher, and that also our concentrations in the most 
dilute solutions were constantly higher, as has already been mentioned 
several times — we may consider this result for the most dilute so* 
lutions as, on the whole, satisfactory. 

Where then must the causes be sought of such a disaccord 
between the results of both methods, especially in concentrated so¬ 
lutions? 

In studying these phenomena we encounter besides the electro- 
osmotic transport also the electrolytic transference. Both these trans¬ 
ports go on simultaneously, the electrolytic transference becoming 
conspicuous mainly in concentrated solutions, whereas in dilute so¬ 
lutions the electro-osmotic transport comes more to the front. The 
resultant transport, v, which is measured can be expressed by 

» — Ve + Vo (9), 

where v, is the electrolytic, v 0 the electroosmotic transference. Both 
transports can proceed in the same direction, or they may oppose 

*) See Collection 1931, 3, 572, Table 3. 

**) Comp, also H. Freundlich: Kapillarchemie 1., p. 375, 4th Ed. 1930. 
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each other, one being positive, the other one negative. The electro- 
kinetic potential, however, depends only on the electro-osmotic trans¬ 
port, or 

f=-/>o) (10). 

If in concentrated solutions the electrolytic transport outweighs the 
very small electro-osmotic one, which may be eventually zero, it is 
clear that a calculation of the electrokinetic potential from the total 
transport, as in our instance, leads to too high values of this quantity. 

Thus a further problem arises, how to separate the electrolytic 
transport from the electro-osmotic one. Considering the reciprocity 
of electro-osmotic phenomena and of the streaming potentials, the 
behaviour of our ceramic diaphragm indicates that the total transport 
down to about 0'05-normal concentration is purely electrolytic, for 
probably only from this concentration the electrokinetic potential 
manifests itself. From this concentration the electro-osmotic transport 
comes already into play increasing with growing dilution. This is 
indicated also by the total transport of the solution, caused by 1 F 
of electricity, as is shown graphically in Fig. 2. Up to the mentioned 
limiting concentration (005 normal) the transport is relatively very 
low (213 litres), from this concentration, however, it increases rapidly 
to very high values of several hundred litres in the most dilute so¬ 
lutions. This confirms the observation made already by Re my, 16 ) 
that high transports of solutions are accompanied by electro-osmosis, 
whereas the diaphragms with low transport are electro-osmotically 
inactive. 

It remains to mention, that on the >kaolin« diaphragm in potas¬ 
sium chloride solution the electrokinetic potential showed a similar 
dependence on concentration, but the maximum was shifted to con¬ 
centrations about ten times higher (002-normal). 

According to Schonfeldt’s measurements (as we know them 
from the above-mentioned monograph of Prausnitz and Reits- 
totter, 8 ) p. 85) the electrokinetic po.ential falls off with the in¬ 
creasing width of the pores, of course, as far as the diaphragms in¬ 
vestigated are of the same type. On the contrary, a comparison of 
our results with those of Schonfeldt on the ceramic diaphragm 
Pi„ in water solutions of potassium chloride would indicate — as 
far as we can compare both ceramic diaphragms as to their chemical 
composition — that the electrokinetic potential increases with growing 
width of the pores, for the diameters of the capillaries in the dia¬ 
phragms P 10 and Piti, are, according to a statement of the factory, 
in the ratio 1:3, according to other statements, in the ratio 1:2. 


5 
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However, the dependence of the electrokinetic potential and of 
other electro-osmotic phenomena on the width of the pores of the 
ceramic diaphragms P 1 , P 10 and P 2 6<, and on the current intensity is 
being still further studied in this laboratory. 

Summary. 

Results are discussed of electro-osmotic measurements made on 
the ceramic diaphragm P 26 i, in water solutions of lithium, sodium and 
potassium chlorides and of potassium bromide and iodite at concen¬ 
trations from 0’00005- to 1'0-normal. 

At medium concentrations the electro-osmotic transport is nearly 
the same for all electrolytes investigated. The curves of the electro- 
kinetic potential have a maximum for solutions of lithium, sodium 
and potassium chlorides, whereas in solutions of potassium bromide 
and iodide this maximum does not appear. 

The values of electrokinetic potential obtained for potassium chlo¬ 
ride are compared with those of Biirgl, found by the method of 
streaming potentials on the same diaphragm, and with those of the 
present authors on a “kaolin” diaphragm. From the viewpoint of the 
structure (width of capillary pores) of both diaphragms a comparison 
is made also with the measurements of Manegold and So If on 
collodion membranes. 


The physical laboratory 
of the school of chemical engineering, 
Ceskd vysokd Skola technickd, 
Brno. 


Brno , September 1932. 
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POLAROGRAPHIC STUDIES WITH 
THE DROPPING MERCURY KATHODE. — PART XXVH. — 
THE ELECTRO-REDUCTION AND ESTIMATION 
OF NITRATES AND NITRITES 

by M. TOKUOKA. 

After the observations ofj. Heyrovsky and V. Nejedly 1 ) that 
nitrites may be estimated in acidified solutions and of S. Prat 2 ) and 
J. R u z i c k a, '*) who found that nitrates produce a polarographic 
“wave” in the presence of higher-valent kations, the present author 
has undertaken a study of the quantitative determination of these 
radicles aiming at their simultaneous determination. During these 
researches several new important facts were observed, e. g. that also 
nitrites are reducible in neutral and alkaline solutions and that the 
presence of sulphate ions hinders this electro-reduction. From ana¬ 
lytical reasons first solutions most suitable for the estimation of ni¬ 
trates alone were investigated and then neutral solutions containing 
nitrite; finally conditions most favourable for the simultaneous deter¬ 
mination of the two were looked for. 

Estimation of nitrate. 

It was surprising to find that anions composed of non-metallic 
elements are directly reducible at the dropping mercury kathode. 
That anions containing amphoteric elements, like zincate, plumbite, 
stannite, are easily reducible is well understood from the mobile 
equilibrium in which these aqions are supposed to be split into 
simple metallic kations; the same applies to anions of complex 
cyanides e. g. of silver, cadmium or nickel. Yet the reduction of 
zinc-cyanides proceeds in a remarkable way, since there are three 
different deposition potentials observed, two of which have to be 

*) J. Heyrovsky and V. Nejedly: Collection 3, 126 (1931). 

a ) S. Prat: Handb. d. biolog. Arbeitsmetkoden, Abderhalden,. Abt. III. A. U- 
1413 (1928). 

J. Ruzicka: Dissertation, Charles University (1932). 



ascribed to a direct electro-reduction of a different complex anion, 
which cannot be in mobile equilibrium with simple kations of zinc. 
Still more curious is the fact that anions, like BrO a ', I0 a r , which 
cannot be supposed to exist in solution in mobile equilibrium with 
their constituting imaginary kations Br + + + + +, /++ + + +, we re 
found to be easily reducible; nitrate ions exhibit the same surprising 
behaviour also. Yet here the concentration of hydrogen or hydroxyl 
ions, which as a rule influences secondary reductions, produces no 
change; on the other hand, however, the concentration and valency 
of higher valent kations, such as Mg", Ca", Sr", Ba", La", Th"“, 
produces a distinct influence upon the value of the reduction potential. 

In consideration of these facts the investigations of the present 
author were first carried out on a series of solutions containing salts 
with various kations in order to find out a composition of the solu¬ 
tion in which the “wave” due to the reduction of nitrate was suitably 
developed to furnish a quantitative measure. The solutions were 
investigated without driving out atmospheric oxygen, i. e. in an open 
beaker, a dilute solution of potassium nitrate being added by drops 
from a burette or graduated pipette. 


Zo SO ccs 0 01/p, Cfj culd* 

rtotlo 


a 01 



001 n 1 KAMx 



The current-voltage curves were obtained with the ordinary polaro- 
graphic equipment. The specimens used for the preparation of solutions 
were the purest obtainable; their purity was, moreover, in each solu¬ 
tion tested polarographically, the first curve registered being always 
that of the pure solution. 

A systematic investigation of solutions, in which the concentra¬ 
tions of salts of the above named kations were varied, has shown 
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that 0‘01 to 0'1 n. solutions of lanthanum and magnesium chlorides 
are the most suitable medium, in which the “waves” due to the 
reduction of nitrates develop best. The concentration of the higher 
valent kation must be considerably greater than that of the nitrate 
ion, at least ten times. This is shown in Fig. 1., where the additions 
of small quantities of nitrates first produce “waves” proportional to 
the concentration of nitrate, which at greater concentrations cease to 
grow proportionally. Thus the upper curves show practically the same 
heights of saturation currents (or “waves”), whereas the lower curves 
show “waves" strictly in proportion to the addition of nitrate. 
Fig. 2. reproduces the proportional increase of the nitrate “wave” in 
01 n. LaClg. Yet the form of this current-voltage curve is not very 
suitable for exact measurements of the diffusion currents, as it ex¬ 
hibits two “waves” in which the characteristic nitrate “wave” is 
difficult to distinguish. 



These curves were, however, all obtained from solutions electro¬ 
lyzed open to the air; when air is expelled by a stream of hydrogen, 
the form of the “wave” is simple and its height easily measurable. 
Fig. 3. is given as an example of this; the excess of lanthanum 
chloride does not alter this shape of nitrate “wave”. 

The kathodic potential, at which this “wave” appears is, in solu¬ 
tions of lanthanum, — 1*2 volt, whereas in the presence of magne¬ 
sium chloride it is —1*8 to — 1*9 volt. 

That this “wave” has indeed grown to its maximal height, which 
depends only on the diffusion velocity of the nitrate ion and on the 
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number of faradays which one gram-anion consumes for its electro¬ 
reduction is shown by the following consideration: The complete 
reduction, of the nitrate ion must require 8 faradays, according to 



Fig. 3. 

To 10 ccs of 0*0 Li Cl, 0*0002 n. XaX(\ added: 
1 . 0 

2. 0 05 

3. 0*25 

4. 0*50 

5. 1*00 

6. T25 cc of 2 n. LaCl,. 
(In 1T 2 atmosphere ; sensitivity = l / UU( ). 



Fig. 4. 
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the equation: IV+ V + 8 © -*■ 2V _m . The diffusion velocity of the 
nitrate ion is — in the mixture used — about that of ordinary 
kations. Thus the “wave” due to complete reduction of the nitrate 
ion ought to be eight times larger than that due to the electro-de¬ 
position of the kation. Indeed — as shown in Fig. 4 — solutions 
of nitrates of thallium, lead, zinc and cadmium, when added to 
a 0 - 01 n. LaCl s solution in the atmosphere of hydrogen, caused on 
current-voltage curves two “waves”, of which the second was 6 
to 10 times higher than the first one. 

The first saturation current is, of course, due to the deposition 
of the kation of heavy metal whilst the second is due to the reduc¬ 
tion of the nitrate anion, which is present in an amount equivalent 
to the kation partner of the nitrate. Since one equivalent of each 
kation consumes 1 faraday of electricity and an equivalent of nitrate 
ion 8 faradays, the mean ratio of the heights of “waves”, equal to 
eight, is easily understandable. 



It is important that in these measurements the solution must 
contain an excess of a salt of higher valent kation, like La" or Mg', 
otherwise the nitrate reduction could not take place. To show this 
Fig. 5. is added, giving a curve of a solution of lithium chloride to 
which zinc nitrate or cadmium nitrate were added in the same 
manner as described in Fig. 4. Yet no nitrate “wave” appears, evi¬ 
dently because the divalent kation was not in excess and — more¬ 
over — that it was already deposited before the reduction potential 
of the nitrate anion was reached. Thus only kations of base metals 
may evoke the reduction of nitrate. 
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It is noteworthy that owing to the large quantity of electricity 
consumed per equivalent, the polarographic detection of traces of 
nitrates is 8 times more sensitive than in the case of kations. 

Estimation of nitrite. 

In the above mentioned communication on the estimation of 
nitrites 1 ) the nitrites were stated to be not reducible in neutral and 
alkaline solutions. This is so, however, only if mono-valent kations 
are present in the solution. The present author noticed, that when 
salts of calcium, magnesium, strontium and especially of lanthanum 
were added to the solutions of alkali nitrites, distinct “waves” due 
to the reduction of nitrite anions appeared on current-voltage curves. 
Fig. 6. illustrates this behaviour, which closely resembles that de¬ 



scribed in the reduction of nitrates. These measurements were carried 
out with solutions open to the air, i. e. saturated with atmospheric 
oxygen. The form of waves, however, obtained under these conditions 
would not allow any quantitative measurement concerning the con¬ 
centration of the nitrite. Solutions freed from oxygen were found in 
this respect much more favourable; the possibility of slow oxidation 
of nitrite to nitrate is in this case entirely removed and the sensiti¬ 
vity of the method may be considerably increased; the concentration 
most suitable for the development of “waves” was ascertained to be 
about 0-1 n. LaCl 0 in which the “waves” due to the reduction of 
nitrite were found to increase strictly in proportion to the amount 
of nitrite added. Fig. 7. shows this effect, in which a double “wave” 
form is conspicuous; the second increase of current is probably due 
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to the electro-deposition of ammonia, which is the reduction product 
of the first stage of reduction of the nitrite anion. 

An estimation of the number of faradays required per gram-ion 
of nitrite was omitted, as the preparation of solutions, which would 
contain an amount of kations of heavy metals exactly equivalent to 
that of nitrite anions, seemed uncertain. It was assumed, that the 



Fig. 7. 

Curve 1: pure 0 - l n. LaCl s , LiCl 
Curve 2: added A'u.Y/A [.Y0 2 '] = 000020 n. 
Curve 3: [.VO/] = 0‘00039 n. 

Curve 4: [.V0,'j = 0-00074 n. 


number of 5 faradays, consumed according to previous determina- 
tious by one mole of NO in acidic solutions, has to be increased, 
in the reduction of N0 2 , to 6 faradays the reduction process being: 

NOJ + 60 + 67 /-— NH S + H 2 0 + OH’. 

Simultaneous estimation of nitrate and nitrite. 

A number of experiments were first performed in order to find 
a suitable mixture in which the nitrate “wave” could be differenti¬ 
ated from the nitrite “wave”. Yet always in neutral or alkaline solu¬ 
tions the addition of the one sort of anions to the other caused 
merely an increase of the polarographic “wave”; an exception is the 
behaviour in a 0'01 to 0-03 molar ThCl K solution, in which the nitrite 
reduction evidently starts at a considerably more positive potential 
than that of nitrate. Yet here the dimension of the nitrate “wave” 
becomes indistinct, being evidently complicated by the deposition 
of hydrogen, which takes place owing to the great hydrolysis of 
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thorium salts. This acidity also accounts for the development of the 
“nitrite wave”, which is obviously merely due to the acidic reduction 
of nitrite i. e. of NO. 

The increase of current due to the simultaneous reduction of 
both nitrate and nitrite is strictly additive, the height of the resulting 
“wave” being equal to the sum of the heights due to nitrate or 
nitrite alone. Fig. 8. illustrates this additivity. Here the height of the 
“wave” due to the presence of nitrite is always distinctly smaller 
than that due to nitrate, obviously since the former requires 2 fara- 
days less for complete electro-reduction than the latter. A similar 
additive agreement as shown in Fig. 8. has been found in several 
other instances of nitrate and nitrite mixtures. 



Next the problem occured to estimate in the mixture each sort 
of anion separately. The favourable circumstance has here been used 
that nitrites are decomposed by strong acids, yielding nitric oxide, 
whilst nitrate anions remain unchanged. Nitric oxide may then be 
conveniently estimated from the height of the “wave” its reduction 
to ammonia causes on the current-voltage curve of the acidified 
solution. We are thus able to determine approximately the sum of 
the amounts of nitrate and nitrite in the neutral or alkaline solution 
and find the concentration of nitrite from the electro-reduction after 
acidulation. This estimation may be, moreover, checked for the amount 
of nitrate by alkalization after all nitric oxide has been driven out 
of the solution by a prolonged passage of hydrogen. Such procedure 
has been tried several times with artificial mixtures containing known 
amounts of nitrate and nitrite and the quantitative polarographic results 
were found satisfactory. 
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It must not be forgotten in these determinations that the decom¬ 
position of the nitrite leads to an increase of the concentration of 
nitrate according to the reaction equation 

3 NaNO* + 3 HCl -* 3 NaCl + 2 NO + HNO s + H 2 0. 

This makes the estimation of small quantities of nitrate in the 
presence of nitrite uncertain; however the determination of any trace 
of nitrite in a large amount of nitrate is polarographically easy. 




Curve 1: the solution in (r 1 n. IICl 

Curve 2: after passage of hydrogen the solution was neutralized and LaCl, added. 


Fig. 9. represents the simultaneous estimation of nitrite and nitrate, 
when both were present in a concentration 0’00038 n. The solution 
in 0'1 n. HCl showed the NO “wave” 18 mms high, when Vbo sensi¬ 
tivity was used. Thus with sensitivity l / 100 the height of the “wave” 
would be 9 mms ; in the same arrangement it has been found that 
a O'OOOl n nitrite solution in 0'1 n. HCl causes a “wave” 21 mms high. 

Hence the nitrite solution under examination was 0 - 00034 n. Next 
a stream of hydrogen was passed through the acidic solution for 
several hours in order to expel all nitric oxide and the solution was 
neutralized. After addition LaCl 3 to this solution, whereby the volume 
became doubly increased, the height of the nitrate “wave” was 35'5 mms 
with the sensitivity */»; thus with sensitivity VlOO the height of the 
“wave” would be 8 9 mms; in the same polarographic arrangement 
a 0*0001 n. nitrate solution yields a “wave” 4'5 mms. Hence the nitrate 
solution under examination was 0 00020 n. Since, however, by neutrali¬ 
zation the original solution became twice diluted, the starting concent- 
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ration of the nitrate appears to be 0 00040 n.; yet the amount of 
nitrate formed in acidulation of the nitrite has here to be subtracted, 
which was Vs X 0‘00034 = 0 00008 n. Hence the original amount of 
nitrate, determined polarographically, comes out to 0 - 00040 — 0 00008 = 
0 00032 n. 

Theoretical conclusions. 

It remains to explain the mechanism of this very peculiar case 
of electroreduction of anions at the kathode. It is regarded as im¬ 
possible that — in view of the large repulsive forces between a nega¬ 
tively charged electrode and an anion — anions could directly touch 
the kathode receiving 6 to 8 electrons; moreover it has to be taken 
into account that the reduction of anions takes place only in the 
presence of di- or tri-valent kations. The explanation, which is due 
to Professor J. Heyrovsky, is that nitrate and nitrite anions are 
split in the strong electric field existing in the close proximity of the 
kathode into the constituting elementary ions, the kationic part of 
which is electro-reduced. The approach of these anions into the 
proximity of the kathode is facilitated by the high valency kations 
which are supposed to be adsorbed at the kathodic interface. The 
picture of such a reduction is then the following one: In the closest 
proximity of a polarized kathode there is a sudden drop of potential 
extending over a narrow layer, not more than an atomic diameter 
thick, due to the Helmholtz double layer; yet deeper into the 
solution extends a further drop of potential, much less steep and 
extending over several molecular layers, which is usually denoted as 
the “adsorption” or Freundlich’s “electro-kinetic” potential, £. There 
is, thus, an electric field in the proximity of the kathode into which 
kations are drawn, dragging behind their partner-anions. The ad¬ 
sorption of monovalent kations, caused by these “adsorption” poten¬ 
tials, is nowise as great as the adsorption of di- or tri-valent kations 
(see Fig. 10), which latter are able to adsorb in a larger number and 
more deeply to the kathodic interface. Consequently the nitrate or 
nitrite anions are drawn the nearer to the surface of the kathode, 
i. e. the deeper into the intense electric field extending around the 
kathode, the higher the valency is of the kations present. The effect 
of the strong electric field on the particle NO s ' or NO s f is to tear 
it into the elementary kations A T + + +++ or N + + + (see Fig. 10. b.), 
which at once receive from the kathode the requisite number of 
electrons, and oxygen anions, that join with water to form hydroxyl 
ions. The freshly formed particles N n> instantly join the kations present 
to form nitrides and may undergo hydrolysis to ammonia. 
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This view, based on the preferential adsorption of higher va¬ 
lency ions, is supported by the present author’s observation, that 
the addition of a sulphate hinders the reduction of nitrates, causing 



Fig. 10. 


the disappearence of the nitrate “wave” on the curve. The di-valent 
sulphate anions expel, no doubt, the nitrate anions from the proxi¬ 
mity of the kathode being preferentially adsorbed to their high-valency 
kations. 


The author wishes to add that several of the points here men¬ 
tioned are being examined more closely and will form the topic of 
a subsequent communication. Finally, he presents his best thanks 
to ProfessorJ. Heyrovsky, for his suggestions and criticism. 

Received September 4th, 1932. 
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Summary. 

The reduction of nitrates and nitrites at the dropping mercury ka¬ 
thode has been studied from current-voltage curves polarographicatly. 

it has been ascertained that in neutral or alkaline solutions the 
reduction takes place only in the presence of di- or trivalent kations; 
in 01 n. LaCl B the reduction potential of nitrites or nitrates is at 
— 1*2 v. (from the calomel zero). Sulphate anions were found to 
hinder this reduction. The increase of current caused by the electro¬ 
reduction of nitrate is eight-times as large as the current due to the 
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electro-deposition of an equivalent amount of metallic kation; hence 
N0 6 ' takes up 8 faradays yielding Nll a . 

The saturation currents due to the reduction of nitrate or nitrite 
were found to be proportional to their concentration, which allows 
a quantitative estimation of nitrates or nitrites. The simultaneous esti¬ 
mation of both nitrates and nitrites is possible, as nitrites are de¬ 
composed by strong acids, yielding the electro-reducible NO; this 
method is especially suitable for the detection of small quantities 
of nitrites in nitrates. 

The mechanism of the electro-reduction of these anions is sought 
in their splitting into elementary ions by the strong electric field 
existing in the proximity of the kathode, high-valency kations serv¬ 
ing to drag the anions close to the kathodic interface. 



SUR LA COMBUSTION LENTE DU 2-MfiTHYLTRICOSANE 

par S. LANDA et J. POKORNY'. 


La combustion des hydrocarbures ne cesse de faire l’objet de 
nombreuses recherches. Si I’on se rend compte de la variate des 
buts poursuivis, le grand nombre des travaux relatifs & ce sujet est 
facile a expliquer. 

Dans la nature, les hydrocarbures se trouvent accumules en quan- 
tites tres considerables et leur application, abstraction faite de 1’alimentation 
des moteurs et de leur graissage, n’est enrealite querelativement limitee. 

Des lors, ils n’est point etonnant que Ton cherche des voies per- 
mettant de les transformer en corps nouveaux doues d’une reacti- 
vite plus prononcee et qui puissent constituer la matiere premiere 
d’autres fabrications ou servir directement a la consommation. Naguere, 
notamment pendant la guerre, Foxydation des hydrocarbures a ete 
etudiee surtout dans Ie but de trouver les conditions optimum de la for¬ 
mation d’acides gras destines a servir et ayant servi en realite a 
la fabrication des savons. 

Nous n’allons pas repeter ici ce que signale a ce sujet la litte- 
rature, Fun de nous I’ayant deja fait en son temps, 1 ) 

Dans ces dernieres annees, Foxydation et la combustion lente 
des hydrocarbures a attire, de plus, I’interet des chercheurs du do- 
maine de Fautomobilisme et on a commence a les etudier encore 
a ce point de vue. Ainsi, Ch. Moureu et ses collaborateurs 2 ) ont 
montre dans leurs recherches sur la combustion des hydrocarbures que 
certains phenomenes de detonation ayant lieu dans le cylindre des 
moteurs a explosion peuvent etre interpr^tes par la formation de 
peroxydes instables et explosifs qui determined la combustion de 
la phase gazeuse. P. Mondain-Monval et B. Quanquin, 8 ) en 
operant, k la temperature de 300° et au moyen de Fair, la combustion 
des vapeurs de pentane, hexane, octane et d’essence pour automobiles, 
purent observer dans les produits de combustion, a cdte des alde¬ 
hydes, un peroxyde qui mettait en liberte l’iode de l’iodure de po¬ 
tassium, oxydait I’acide chromique en perchromique et donnait d’autres 
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reactions des peroxydes. Us constaterent, de plus, qu’un melange 
de peroxydes, portd a 200°, subit une decomposition explosive avec 
formation d’ald£hydes, notamment d’aldehyde formique. 

A notre tour, nous avons entam6 l’6tude de la combustion lente 
des hydrocarbures en vue d’elucider le mecanisme des combustions. 
Lors de la combustion lente de la paraffine du commerce nous 
obtenions des aldehydes, des cetones, des alcools, des acides, sans 
parler d’autres produits. 4 ) Vu que la paraffine du commerce constitue 
un melange complexe d’hydrocarbures, nous etions en droit d’esperer 
que la combustion d’une paraffine nettement definie et de constitution 
connue donnerait un melange de produits plus simple, et que son 
etude permettrait d’etablir 1’endroit oil se serait fait la scission de la 
molecule. Dans ce but, nous sommes partis du triacontane normal, 
hydrocarbure & chaine non ramifiee/’) Effectivement nous avons pu 
constafer que parmi les produits de combustion lente de cet hydro¬ 
carbure manquent certains corps qui avaient et£ trouves dans les 
produits dus a la combustion lente de la paraffine du commerce. 
Ainsi, malgre toute notre attention nous n’avons pu constater la pre¬ 
sence de cetones et d’alcools. C’est ce qui nous a conduit a admettre 
que, selon toute vraisemblance, les cetones et les alcools se forment 
aux depens des hydrocarbures a chaine arborescente. 

Dans le present travail, nous demontrons que les cetones, et 
d’ailleurs aussi les alcools, prennent naissance, en proportion assez 
considerable, dans la combustion lente des hydrocarbures a chaine 
ramifice. Cela constitue en meme temps la preuve que la paraffine 
naturelle du commerce n'est pas uniquement formee par un me¬ 
lange de paraffines normales mais renferme encore des paraffines 
k chaine arborescente. Cette preuve, nous I’avons donnee en sou- 
mettant it une combustion lente le 2-methyltricosane. 

Partie exp&rimentale. 

Le 2-methyltricosane nGcessaire pour nos essais a £te prepare par 
le proc£d6 decrit par Landa et Riedel, 6 ) c’est-^-dire par la syn- 
these de Orignard k partir du behenate d’Sthyle en passant par le 
methyl tricosanol. 

Nous avons pu verifier & cette occasion que le point de fusion 
63° donne par Landa et Riedel pour le mdthyltricosanol repond 
d6jk au corps tout a fait pur, ainsi que I’a montre I’analyse £lemen- 
taire, le dosage du groupe oxhydryle et d'ailleurs la cristallisation 
rep^tee du produit. 
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Analyse elementaire: 

Substance: Oi775 gr, CO, 0-5281 gr, H,0 02251 gr. 

CoJI m O : Calcule C 81-2©%, H 14*22%, 0 4*51%. 

Trouve C 81*14%, 11 14-21%, 0 4-65%. 

Dosage de 1’oxhydryle (Cerevitinov): 

Substance: O’1407 gr, CH t 9"5 cc (21°, 759 mm). 

CatHnO: Calcule 470% OH. 

Trouve 479% OH. 

Par melange du methyltricosanol fondu avec le poids equivalent 
d’isocyanate d’ethyle nous avons prepare la phenylur^thane corres- 
pondante. Le produit, devenu solide au dessiccateur, a d’abord ete 
debarrasse de 1’isocyanate de phenyle par broyage reitere avec du 
benzene, puis lave a l’eau. Recristallise dans l’eau, l’urethane est en 
ecailles blanches, luisantes. Son point de fusion constant est it 86 n . 

Dosage d’azote: 

Substance: 12-676 mgr, N, 0’341 cc (20°, 741 mm). 

C m lIr lh 0,N : Calculi 27 2-96%. 

Trouve N 3-05%. 

La combustion du methyltricosane a ete operee a l’aide du dispositif 
decrit anterieurement *) avec cette difference cependant que les produits 
n’ont pas ete recueillis directement dans I’eau mais refroidis d’abord 
it —75° au moyen d’un melange d’acide carbonique solide et d’al- 
cool. Ce n’est que le flacon d’absorption terminal qui contenait une 
solution fraichement pr£paree de bisulfite de sodium servant k capter 
les aldehydes et mSthylcetones les plus volatiles. Le poids total de 
methyltricosane soumis k la combustion lente etait de 500 gr. La 
combustion de 250 gr de cet hydrocarbure exigeait 2 heures environ. 
Le ballon muni de methyltricosane a d’abord ete porte a 280°, puis, 
au moyen d’une trompe, on a fait passer I’air dans 1’appareil jusqu’a 
ce qu’il ne reste plus dans le ballon que 12 gr (5% environ) d’une 
matiere foncee. Comme produits, nous avons obtenu 490 gr d’une 
huile et 110 gr d’un liquide aqueux k odeur penetrante, It c6te de 
l’acetone et des autres corps recueillis dans la solution bisulfitique. 

Ce qui surprend, c’est la forte proportion d’eau formee dans cette 
combustion. Le liquide aqueux renfermait, k cote de l’aldehyde ace- 
tique, une proportion considerable d’aldehyde formique. Apres que le 
recipient renfermant le dit liquide aqueux fut sorti du melange refri¬ 
gerant, et notamment quand son contenu a ete soumis it la rectification, la 
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quantity de formaldehyde dtgagee ttait si considerable qu’une odeur 
ptnttrante a envahi tout le laboratoire. 

Lors de la rectification au moyen d’une colonne Widmer il pas- 
sait, vers 20°, une petite quantity d’un liquide a odeur aldehydique, 
d’acttaldthyde. 

La deuxieme rectification a fourni 5 gr d’une fraction passant 
entre 44 et 65°, 2 gr d’une fraction bouillant entre 65 et 80°. 

La fraction passant de 44 a 65', presentant elle aussi une forte 
odeur d’aldehyde, a ttt oxydte par un exces d’oxyde d’argent: elle 
a donnt du propionate d’argent. Dans le liquide non attaque par 
Ag 2 0 on a pu deceler I’alcool mtthylique par transformation succes¬ 
sive en iodure de mtthyle et iodure de trimtthylphtnylammonium 
(les cristaux de ce dernier fondaient entre 208 et 211°). Dans une 
autre portion du dit distillat la presence d’alcool methylique a ttt 
prouvte par chauffage (proionge a 12 heures) avec du chlorure de 
/7-nitrobenzoyle, ce qui fit passer l’alcool en question a l’etat de 
/7-nitrobenzoate de methyle. Apres evaporation a sec, le residu a ett 
repris dans I’ether, la solution a ete lavee k la soude caustique, puis 
dtbarrassee du solvant par distillation. Les cristaux separes, recristal- 
lises trois fois dans Ptther de petrole, fondaient entre 95° et 96°, ce 
qui est le point de fusion du /3-nitrobenzoate de methyle. 

Dans une autre portion du distillat non altere par l’oxyde d’argent 
nous avons demontre la presence d 'acetone, d’une part, par la for¬ 
mation d’iodoforme sous Paction simultanee d’iode et d’ammoniaque, 
d’autre part, par la formation d’indigo en presence d’aldthyde o-nitro- 
benzoTque et de soude caustique a 15%, et, enfin, par la coloration 
violette produite apres addition d’une solution ammoniacale de sulfate 
d’ammonium et d’une solution a 20% de nitroprussiate de sodium. 

La fraction 65—80° a d’abord ete oxydee par I’oxyde d’argent, 
puis, la reaction terminee, soumise a la distillation. Dans la portion 
volatile on a recherches la presence d’alcool tthylique. Toutefois, 
cet alcool etait absent, car le distillat ne donnait absolument pas 
d’iodoforme. Le sel d’argent obtenu par l’oxydation a ete decompose 
au moyen d’acide sulfurique diiue (1:100), I’acide mis en liberte a et£ 
distille dans un courant de vapeur d’eau. Dans le distillat neutralise 
le sel argentique a et6 pr£cipit6 de nouveau. Vu qu’il noircissait 
(acide formique), il a et6 chauffe k 1’ebullition, pendant un temps 
prolong^, avec de l’eau, decompose ensuite de nouveau, distille dans 
un courant de vapeur, neutralist et, enfin, precipitt par Pazotate 
d’argent. Apres lavage & l’eau froide le sel a tte dessecht au-dessus 
de lI.,SO t et analyst. 
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Substance: 02959 gr, Ag O’1636 gr. 

CJ1 H 0 2 : Calcule Ag 55 ; 34° 0 . 

Trouve Ag 55-30%. 

La fraction bouillant au-dessus de 80° renfermait principalement 
l’acide formique. 

Fraction huileuse. 

De cette fraction, 5 gr environ ont passe dans le carbonate de 
potassium. L’huile debarrassee des acides a ete distiliee dans le vide 
de 11 mm de mercure. 10 gr ont passe au-dessous de 110°, 25 entre 
110 et 150°; le r£sidu bouillant au-dessus de 150° a ete distille dans 
le vide avance de 0-002 mm de mercure. Cette distillation, pendant 
laquelle le thermometre marquait 142—156°, nous a fourni 120 gr 
d’une huile composee pour plus de la moitie de methyitricosane in- 
altere. Le r^sidu dans le ballon distillatoire renfermait, lui aussi, prin¬ 
cipalement du 2-methyltricosane. 

Les fractions obtenues lors de la distillation dans le vide ont 6te 
agitees avec une solution fraichement prepare de bisulfite de sodium. 
Les combinaisons bisulfitiques ont ete s£par6es de l’huile, lavees 
successivement & l’alcool et a l’ether, puis decomposees a chaud au 
moyen de potasse carbonatee. A pres lavage a l’eau elles ont ete oxy- 
dees par une suspension d’oxyde d'argent dans l’eau. L’oxydation 
terming, la distillation de chacun des produits d’oxydation a fourni 
une faible quantite d’un liquide insoluble dans I’eau dont l’analyse 
n’etait toutefois pas possible faute de substance. Les sels d’argent 
obtenus dans 1’oxydation au moyen de Ag z 0 ont ete purifies de la 
maniere indiqu£e plus haut a propos de l’acide butyrique. La fraction 
bouillant au-dessous de 110° a donne un sel argentique renfermant 
49"88% d’argent, celle qui passait entre 110 et 150°, un sel a 45‘46% 
d’argent,celle enfin ob enue dans le vide avance, un sel k 24 90% d’argent. 

On voit que la fraction huileuse contient des aldehydes. Toute¬ 
fois, leur quantite etait si faible qu’elle ne permettait pas leur sepa¬ 
ration en especes chimiques. 

Analyse el£mentaire des huiles debarrass^es des aldehydes: 
fraction passant au-dessous de 110° sous 11 mm de Hg: 

C 81'93%, U 13-68%, 0 4-39%, 
fraction passant de 110 k 150°: 

C 79'23%, H 12-10%, 0 8-68%, 
fraction obtenue dans le vide avanc6: 

C 80-86%, H 12-89%, 0 6-15%. 
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Dans toutes ces fractions nous avons recherche, apres Elimination 
des aldEhydes, la presence des cEtones, et cela a 1’aide de phEnyl- 
hydrazine rEcemment distillEe. Nous observions il est vrai un faible 
trouble laiteux, mais il nous a EtE impossible d’obtenir aucune hy- 
drazone cristallisEe. La formation d’une faible quantitE d’eau pourrait 
etre expliquEe par la prEsence de cEtones supErieures, mais il nous 
parait plus vraisemblable que le traitement au bisulfite n’a pas EcartE 
intEgralement les aldEhydes. 

Nous avons, de plus, recherchE la prEsence d’alcools supErieurs. 
Les huiles traitEes au bisulfite ont EtE additionnEes d’isocyanate de 
phEnyle dans des verres a essais munis de fermetures au chlorure de 
calcium. Le mElange etait rEgulierement accompagnE d’un faible de- 
gagement de chaleur, mais nous n’avons pas rEussi & isoler d’ur- 
Ethane cristallise. Toutefois, la prEsence de OH a pu etre prouvEe 
par la mEthode de Cerevitinov. 

Ainsi, dans la fraction bouillant entre 110 et 150" (apres traitement 
au bisulfite) nous avons dosE l'15°/ 0 de OH, dans celle obtenue dans 
le vide avarice, 0 87% de OH. 

REsumE: 

Le but de la presente Etude a EtE d’Etablir si la combustion lente 
du 2-methyItricosane 

CH^CII^.CIK^ 

fournirait de 1’acEtone qui devrait se former a partir de sa chaine 
latErale: 

Dans les produits de cette combustion I'acEtone a EtE dEterminEe 
d’une maniEre irrEfutable. La proportion d’acEtone recueillie (2 gr) 
n’est que peu considErable. Si l’oxydation de la chafne latErale en 
acEtone Etait quantitative, les 480 gr de 2-mEthyltricosane mis en oeuvre 
auraient du fournir 82 gr environ d’acEtone. MEme en tenant compte 
de ce que l’huile obtenue dans le vide avancE, et cette fraction Etait 
en proportion prEponderante, renfermait une bonne moitiE de son 
poids en 2-mEthyltricosane, on doit avouer que la proportion d’acEtone 
extraite est tres faible malgrE que la structure de l’hydrocarbure mis 
en rEaction soit tres favorable & la formation de la cEtone en question. 

Des lors, on conrjoit aisEment que la combustion du triacontane, 
hydrocarbure it chafne normale, c’est-^-dire non ramifiEe, ne fournisse 
pas d’acEtone (au moins pas en quantitE dEcelable). 
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Vu que la combustion lente de la paraffine naturelle nous a fourni 
des quantity considerables d’acetone/ 1 ) nous sommes en droit d’ad- 
mettre que cetle paraffine est un melange d’hydrocarbures non seu- 
lement a chaine normale mais encore arborescente. De mSme que 
chez le triacontane normal, dans la combustion lente du 2-methyl- 
tricosane la molecule se scinde simultan^ment a plusieurs endroits, 
car la decomposition fournit des aldehydes k nombre different d’a- 
tomes de carbone. 


Institut des combustibles 
a I'Ecole Polytechnique tcheque de Prague 
(Tchecoslo vaquie). 
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THE RELATION BETWEEN THE HIGHER CHARGE IONS 
AND THE DEVIATIONS FROM THE FIRST APPROXIMATION 
OF THE DEBYE-HtiCKEL THEORY. 

By J B. CHLOUPEK, VL. Z DANES and B. ANNE DANESOVA. 


The problem of the anomalous behaviour of strong electrolytes 
in aqueous solutions is one that has occupied many workers during 
several tens of years. 1 ) The Debye-Huckel theory succeeded in 
explaining these phenomena for very high dilutions, at least for the 
salts of lower valence type. The discrepancies between the predicted 
values and the observed results, chiefly in the case of salts of higher 
valence type, formed, for a time, a serious drawback to the general 
applicability of the theory aforesaid. 

La Mer suggested a possible way out of the difficulty by farther 
developing the fundamental differential equation of Debye and 
Huckel who contented themselves with the first member (“first 
approximation”) of the serial expression. Together with his collabor¬ 
ators, Gr on wall and Sandved, 2 ) he carried out the necessary 
calculations and was able to show a far better agreement with the 
experimental values. Their starting point is the same as in the ori¬ 
ginal paper of Debye and Huckel, namely the Poisson-Boltz- 
mann equation. 

Expressing it in the form: 
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(the symbols have their usual meaning) 
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and transforming it into an integral equation by means of the 
Green’s function, f (/u, q), where 


q — x . r. 


x { — xa ; , 


they obtain a series in descending powers of D : 


<v> 




The first number of this series is the well-known solution given 
by Debye and Hiickel and designated as the “first” or “Debye” 
approximation. The authors aforesaid (La Mer, Gronwall and 
Sandved) worked out the necessary calculations to the fifth order 
terms in the case of symmetrical valence type, whereas the formi¬ 
dable mathematical difficulties involved limited the evaluation in the 
case of unsymmetrical type to three terms only. It is, nevertheless, 
quite sufficient for the present state of experimental precision. It was 
necessary, furthermore, to deduce an expression for the total excess 
free energy arising from the electric charges of the ions, which may 
be obtained by accomplishing a thermodynamic cycle, the “charging 
process" of Debye : 4 ) 

» OO 1 5 

F t ^ af" J* 2 ’" l VmM dx — 

J J 0 
v Nnjzfe* 

2 ID.a} ' 

From this equation, by the use of well-known relationship for the 
activity coefficients of the solvent and solute: 

1 dF. 1 3F 

1 nfa ‘° = NTt' ^ + ” 2 ) Inf, = -jjjf J n ’ 


and of the members of the series mentioned above we obtain 
(arranging conveniently and putting in the numerical constant values, 
likewise converting into Briggsian logarithms) the final expression: 
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where x^x.a,a being the closest distance of approach of two 
ions (and is an adjustable parameter). The first approximation o.'ten 
yields impossibly smali or even negative values for a, whereas the new 
development of La Mer and Gr on wall gives quite acceptable num¬ 
bers which vary only between narrow limits with the concentration. 

The validity of their expressions could be tested by them only on 
relatively scarce experimental data. For the case of solubility of dif¬ 
ficultly soluble salts in the solutions of other electrolytes of higher 
valence types, they had at their disposal only their own results 
gained in studying the solubility of some cobaltiates. 5 ) 

Because of the obvious objection that the observed anomalies 
supposed to be due to high valence charges, might be in reality 
peculiar only to these cobaltiates, La Mer and his co-workers later ,! ) 
measured also the solubility of lanthanum iodate in various electro¬ 
lytes and confirmed their previous observations. But it was the only 
work of this sort, as far as we could ascertain in the latest references, 
and we therefore thought it advisable to bring further contributions 
to this important problem. We studied the solubility of the following 
salts: cerium iodate, calcium iodate, cadmium iodate and silver chrom¬ 
ate, the two last named salts being interesting on account of their 
probable associated character. The results will be published in a series 
of papers. In this paper we give our results for the cerium iodate. 

Preparation of materials. 

Cerium iodate was prepared from three sources. The first one 
was “Cerium oxydatum venale” (Merck), which was carefully purified 
by the well known classical procedures due to Brauner, StSrba- 
Bohm (see also E. H. Archibald: The preparation of pure inor¬ 
ganic substances, p. 127 sqq.). The final product, freed as completely 
as possible from the other rare earths, was cerium chloride. The 
second starting compound was purest cerium oxide (Merck), which 
was converted (after a shorter purification) into cerium chloride. 
Lastly we obtained through the courtesy of Professor J. StSrba- 
Bohm a specimen of very pure cerium oxalate, which was converted 
into nitrate. From these three sources, cerium iodate was obtained 
by metathesis with the purest potassium iodate in dilute solution 
(Merck sample “pro anal.” was twice recrystallized from conductivity 
water, that served also for all other final solutions). The precipitation 
was made by adding the iodate solution very slowly drop-wise to 
the cerium salt solution which was vigorously stirred mechanically. 
The resulting product was decanted ten times with thrice distilled 
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water, the whole procedure taking 14 days. Special care was taken 
to eliminate fine particles as completely as possible. 7 ) Then the cerium 
iodate was separated by suction on a Jena filtering funnel and dried 
at 105° C to constant weight. The analysis showed the composition 
to be (in a sample dried at 180°): 2M5°/ 0 Ce, 78-70%70 s . 

The theoretical composition for Ce(lO s ) s : 

21-07% Ce, 78-92% /0 3 . 

This shows that the salt used was not appreciably hydrolysed 
with cold water. 8 ) To show this farther, we applied several colorimetric 
tests with the result (confirmed also by the fact that no iodine was 
liberated on addition of potassium iodide) that the hydrolysis of the 
salt at the ordinary temperature is quite negligible; only after pro¬ 
longed boiling does a slight hydrolysis take place, observable with 
methyl orange but not with methyl red. 

All the other salts used were the purest obtainable (Merck p. an. 
grade) and were either converted by appropriate drying to a weigh- 
able form ( KNO s . K z SO t ), or a stock solution was prepared by 
using the hydrated salt (MgCI 2 , M(fSO t ) and its composition deter¬ 
mined analytically with due regard to all necessary precautions. 

Apparatus. 

The solubility measurements were made in a water thermostat 
controlled electrically by the toluene regulator described in a previous 
paper. 9 ) For the uninterrupted run extending over a period of several 
months the following device taken from the literature was found very 
useful: the mercury contact is covered with a layer of purest water 
and inserted as cathode of the regulating circuit, the peculiarities of 
surface tension of polarised mercury being very favourable to the 
promptness of the “make and break”. The working temperature was 
25-00° ± 0-005°. Its constancy was controlled by means of Beckmann 
thermometers and its absolute value was defined by two precision 
thermometers recently calibrated by the P. T. R. The solutions were 
shaken in a 20-flask machine activated by an a. c. synchronised motor 
with reductor, the device making 30 turns per minute. The motion 
of the flasks was end over end. The flasks had standardized well- 
ground stoppers; covered, when in use, with molten paraffin as 
a usual additional precaution. The equilibrium was attained from both 
sides, the overheating in the case of the runs “from upper side” being 
appr. 5 degrees. The concordance between the two sets of runs was 
excellent. The time of shaking (with a very large margin of safety) 
varied between 48 and 72 hours. The samples in equilibrium were 
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allowed to settle in the thermostat in a simple holder consisting of 
a narrow pocket made from wide-meshed brass net. The automatic 
filtration device is shown in the Fig. It was entirely submerged in the 
thermostat. Porcelain filtering crucibles (Berlin brand) served well for 
this purpose (we used the medium dense sort). The samples for 
analysis were always weighed, and their iodate content was ascertained 
by titrating (by means of weight burettes) with 0 - 05 n. thiosulphate. 
All the necessary precautions were observed. 10 ) The solution was stan¬ 
dardized afresh for every series of titrations, using both sodium oxalate 
(KMnOi being the intermediary substance) and potassium bichromate. 



Experimental results. 

Results for cerium iodate in potassium nitrate solutions. 


KNO, 

Table 1. 

Solubility 

total 

number ot 

molality iW 

tnillimols, 

ffx/1000 y 

ionic strength 

determ. 

00 

2-6045 

1-732 

001563 

20 

0*005 

2-7767 

1-846 

002166 

8 

o-ot 

2-9047 

1-932 

0 02743 

5 

0-02 

31540 

2-097 

0 03892 

5 

005 

3'6367 

2-418 

0*07182 

4 

o-i 

41155 

2*736 

012382 

4 

0-2 

4-6922 

3120 

0-22820 

4 

0-5 

5-9800 

3*976 

0-53588 

4 
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Results for cerium iodate in potassium sulphate solutions. 

Table 2. 


v* 

Solubility 

millimols gs/1000 g H,0 

total 

ionic strength 

number of 
determ. 

0-002 

30271 

2-013 

0-024163 

4 

0005 

3-5635 

2-370 

003638 

4 

001 

4-2392 

2-819 

005574 

4 

002 

5-2785 

3-510 

009167 

4 

0-05 

6-8114 

4-529 

019087 

4 

o-i 

8-512 

5-660 

0-40107 

4 

Results 

for cerium iodate in magnesium sulphate solutions. 



Table 3. 



MqSO, 

M 

Solubility 

millimols gs/ 1000 g HM 

total 

ionic strength 

number of 
determ. 

0002 

3092 

2056 

0*02655 

4 

0-005 

3-6716 

2-442 

004203 

4 

o-oi 

4-3870 

2-917 

0-06632 

4 

002 

5-3666 

3-568 

011220 

4 

005 

7-0610 

4-695 

0-24237 

4 

o-i 

90610 

6025 

0-45437 

6 

Results for cerium iodate in magnesium chloride 

solutions. 



Table 4. 



MaCl t 

M 

Solubility 

millimols gs/ 1000 g Hfi 

total 

ionic strength 

number of 
determ. 

0*002 

2-813 

1-870 

0-02288 

5 

0*005 

2-998 

1-993 

0-03299 

4 

o-oi 

3-2617 

2169 

0-04957 

4 

0-02 

3-6505 

2-427 

0-08190 

4 

005 

4-4868 

2-983 

0-17692 

4 

01 

5-3139 

3-533 

0-33188 

6 


Some results given in Table 1 were obtained with all three kinds 
of cerium iodate mentioned above. The maximum deviation did not 
exceed one part in a thousand. This satisfactorily proves the prac¬ 
tical identity of all three preparations. For the solubility measurements 
in salt solutions, we used samples of the preparations of cerium 
iodate mentioned in the first and second place. 

We gratefully acknowledge the kindness of Professor StSrba- 
B6hm who gave us a sample of his pure cerium compound. 
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Summary. 

In this paper (the first of a series dealing with some thermody¬ 
namic properties of strong electrolytes of the higher valence type) 
the authors give the results of precise solubility determinations on 
cerium iodate (prepared from three sources) in water and aqueous 
solutions of potassium nitrate, potassium sulphate, magnesium sul¬ 
phate and magnesium chloride, the temperature being 25 - 00 ± 0*02° C. 
The automatic sampling apparatus used (filtering at thermostat temper¬ 
ature) is represented by a drawing. The theoretical discussion of 
the results obtained will be given in a following paper. 

Physicochemical Laboratory , 

Faculty of Chemico-technological Engineering, 
of the Ceske Vysoke Uceni technicke, Prague. 
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POLAROGRAPHIC STUDIES WITH THE DROPPING 
MERCURY KATHODE. - PART XXVIH. - THE EVOLUTION 
OF HYDROGEN FROM NEUTRAL AND ALKALINE 
SOLUTIONS 

by D. ILKOVlC. 


When investigating the saturation i. e. “diffusion” currents of the 
current voltage or “polarographic” curves, we observe that the hori¬ 
zontal portion of the curve, due to the deposition of the most base 
metals from aqueous solution of their compounds, shows at a certain 
value of the polarizing E. M. F. a sudden bend rising henceforth 
steadily with the increasing E. M. F. (comp. Fig. 1). This increase 



of current reaches no limit at any E. M. F., indicating that a sub¬ 
stance present in an unlimited amount is being electroreduced; this 
substance can be, of course, only water and the reduction product 
hydrogen. We thus encounter the typical case of the evolution of 
hydrogen from neutral or alkaline solutions under the great over¬ 
voltage exhibited at the dropping mercury kathode. 
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Let us first consider the kathodic potential at which this evolution 
of hydrogen sets in. As the limiting current, due to the deposition 
of the base i. e. alkali or alkaline earth metal, is considerably great, 
the kathodic potential will differ from the decomposition voltage — 3i v. 
observed directly from the graph, by the product ir, of the intensity 
i and resistance of the circuit r, i. e. by the drop of potential across 
the circuit. 

First it is noteworthy that the value ir which has to be subtracted 
from the applied E. M. F. in order to obtain the true deposition 
potential is practically independent from the concentration of the 
electrolyte in the solution, since at great concentrations the value i 
of the limiting current is increased the same number of times as the 
electrolytic resistance r is decreased. The numerical value of this 
product ir — ca. 0 4 v. 

Determination of the resistance in the electrolytic cell. 

The current i is directly measurable from the graph, the determin¬ 
ation, however, of the value r, requires special investigation. Let us 
first consider what causes this resistance and thus derive a formula 
for the resistance of the electrolytic cell as used in the electrolysis 
with the dropping mercury kathode. 



A small part, usually negligible, of the resistance is the metallic 
one due to the galvanometer and shunt, which does not exceed 
200 ohms and to the thin thread of mercury in the capillary amount¬ 
ing to ca 150 ohms. The chief part is due to the electrolytic resist¬ 
ance of the cell, which is formed by the large anode surface and 
the very small surface of the mercury drops at the cathode. 

Let q l and q a represent the areas of electrodes and imagine that 
the shape of the vessel is such that the solution stretches practically 
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from the circumference of one electrode to that of the other. Then 
the resistance of the cell, r, is given — according to Fig. 2 — as 



where K denotes specific resistance. However, since 
q:<h -- 1~: l\ and q 1 :q a = t‘:ll 


K. 


Denoting — 7 , as d we have . 

hi-to 

Now is constant and q l changes with the growth of the drop. 
We may accept the simple assumption that the volume of each drop 
grows linearly with the time, t; the surface q v is then given as 
q A -—k. t* 1 * and the resistance in the electrolytic cell is then 




K.d 

1 r ' l: ' 

The mean current, which is shown by the galvanometric deflexion, 
is given by 


t — 


T max 

1 ( E — Ec 


T max 


Tmax 


V E — Eo t 1 [ E — Eo ,, ... „ ; E — E« 

J T ^max J K . d * 4 / K.d 

° " ' t/ 7 1, V /» 

47 m»x 

Hence the expression ~ may be regarded as the mean 

^ 0 . 2 ** ^ T max 


resistance, whereas - irv.r-ir as the minimal resistance which arises 

"2 * *max 

just before the drop falls off. 

ThUS T mean 3^min • 


The minimal resistance is determinable by the Kohlrausch method 
using an alternating current obtained from a valve generator. The 
arrangement in which this has been carried out is shown in Fig. 3. 

The right hand end of this diagram represents the connection 
of the dropping mercury kathode to the potentiometric bridge and. 
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accumulator. Between the mercury anode and the positive terminal 
of the bridge a resistance H' was inserted, of the same order as the 
resistance of the electrolytic cell. 

An alternating current originating from the secondary coil 1\ was 
connected to the Wheatstone bridge arrangement, which consisted 
of two equal resistances of 10.000 ohms each. The compensation was 





Fig. 3. 



effected by the changeable resistance li. At the minimum in the tele¬ 
phone T the resistance It was equal to the resistance betwen the 
points A and B. The looked for resistance in the branch ACDB 

R' Ii 

was then calculated from the total resistance It as x — The 

secondary coil of the transformer r l\ was connected to the tri-electrode 
valve generator. 



Fig 4 a. Fig. 4 h. 


The -minimum of the telephone was adjusted to occur at the end 
of the interval of each drop, i. e. just before its falling off. Under 
this condition it thus gives — as tnentioned above — the minimal 
resistance. 

The change of the resistance during the formation of each mer¬ 
cury drop could have been followed experimentally, when registering 
the current by means of a torsion-string galvanometer (Kipp and 
Zonen) of a very short period of swing, Vioo sec - F°r this purpose a 
ca. 0*01 n. HgNO a solution, acidified by nitric acid, was electrolyzed 








484 


with 50 millivolts E. M.F. The increase of current during one drop 
is registered in the graph Fig. 4 a. In this case the kathode is not 
polarizable so that the current is given simply by the resistance. 

In the diagram Fig. 4 b. log. of time is plotted against the log. 
of i. The relation is linear, viz. log i — 0373 log t + const, hence 
i = a. and r —b. t~ °' 373 . Again, finding the mean current by 

integration we obtain for the mean resistance r me an — 1'373 »•«,«*, 

near to 7*mean Vs*"ni»x- 

Another way of obtaining the resistance r of the electrolytic cir¬ 
cuit is to measure the slope of that part of the curve, at which the 
acute maximum indicates that there is no diffusion current, but that 
all reducible matter is adsorbed at the kathodic interface. The pola¬ 
rizing E.M.F., shortly denoted E, is connected with i and r through 
the equation: 


., RT . k .i , .... < IE 

E = tt ” log + i.r from,which 


nV 


L Me n ~\ 


di 


RT 1 . 

—jr • 

«/* * 


Thus as the current i increases, the slope becomes numerically 
equal to the resistance r. 



0*001 n. KOI electrolyzed open to‘the air: curve shows the maximum 
due to the reduction of oxygen. 


In this way the resistance in our electrolytic cell filled with 0*001 n. 
KCl has been found to be 26.000 ohms (Fig. 5). 

The first conductance method gave from the minimum of the 
telephone occurring just at the end of each drops, i. e. when the 
resistance was a minimum, the value 17.600 ohms; thus the effective 
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resistance must */„ X 17.600 ~ 23.500 ohms, which agrees with the 
value found from the polarogram. 

The resistance depends, of course, chiefly on the rate of dropping 
and magnitude of drops both of which are a function of the kathodic 
potential. The resistance of the cell thus depends on the magnitude 
of the applied E. M. F. The Fig. 6. shows this dependance. 



Fig. 6. 


The upper curve a, gives the time interval of five drops polarized 
to various potentials in the 0*001 n. KCl solution, whilst the lowest 
curve c, represents the corresponding resistance. Since the drop-time 
is a function of the polarized mercury, the upper curve denotes also 
changes in the interfacial tension and thus indicates that above 2*2 volt, 
i. e. the decomposition voltage of potassium chloride, the interfacial ten¬ 
sion is practically constant. Yet the resistance at about the same voltage 
increases considerably with the increasing voltage, which suggests 
that the surface of the kathode is getting exhausted from the electrolyte. 

The dotted line b, represents the changes of the interfacial tension 
of mercury polarized in a solution of tetramethyl ammonium chloride. 
This solution is a perfect electrolyte in that sense that it conducts the 
current well, yet its decomposition voltage is seemingly not reached 
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even at 3*0 volts. This allows us to lower, through kathodic polarization, 
the interfacial tension of mercury in such a solution to zero. This, of 
course, means a loss of coherency of the mercury surface, which at 
that polarization is drippiing quickly out of the mouth of the capillary 
in the form of a fine thread. If a steady mercury surface is polarized 
above — 3D v. in the solution of a salt of tetra-methyl or -ethyl base, 
the loss of interfacial tension at that point produces an impression 
as if the mercury were boiling. 

Knowing now sufficiently well the value of the electrolytic resis¬ 
tance of our electrolyzing vessel, we are able to determine the 
kathodic potential at which the various processes occur, subtracting 
always from the polarizing E.M. F. the value “i . r” giving the drop 
of potential across the circuit. 

Observed deposition potentials of hydrogen from 
various solutions. 

The ordinary deposition potential of hydrions from acidic solu¬ 
tions occurs at — liO v. + OiO log [ZT]; yet if we apply a dilute 
solution of an acid and a small sensitivity of the galvanometer we 
observe a saturation current, after which a new and permanent rise 
of current takes place at which hydrogen evolution from water 
must occur. 

a) Acidic solutions. Since the decomposition voltage, at which 
this hydrogen evolution from water starts, is extremely sensitive 
towards slight traces of alkalies in solution, hydrochloric acid gas had 
to be passed over the surface of distilled water kept in a silica 
glass beaker. After a short exposure to hydrochloric acid, mercury 
was poured into the silica beaker, to form the anode, and the drop¬ 
ping mercury capillary immersed in the solution. The current- 
voltage curves obtained with this arrangement are given in Fig. 7. 
Curve a has been obtained instantly after the absorption of hydro¬ 
chloric acid, whilst curve b after the addition of 0-5 cc 0*001 n. KCl 
to 40 ccs of the solution. 

The voltage, corresponding to the turning point at which water 
is decomposed, is 2*76 v., and the drop of potential accross the cell 
is 0*64 v. Thus the kathodic potential of decomposition is n — —2*76 v. 
-f 0*64 v. = — 2’12 v. This value of n is by 0*38 v. more negative 
than that due to the evolution of hydrogen from hydrions in a 0*001 n. 
concentration at the kathode surface if the current were equal to the 
saturation current. The maximum at the beginning of the curves 
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is due to the electroreduction of atmospheric oxygen and does not 
interfere with the other changes of the curve, as was proved when 
the curves were repeated after air has been expelled from the solution 
by hydrogen. 

Notable is the effect due to the presence of 10 ~ 6 K' gram-ions 
per litre, shown on the curve b; here the decomposition voltage has 
been increased almost by 0 - 4 v. and the saturation current fell from 
35 to 19 mms. 



b) Solutions of compounds of the alkalies. The alkali hydroxides 
produced here the same effect as neutral salts of the alkalies viz. a 
shifting of the permanent increase of the current to the voltage of 
3*1, which, after subtracting 0*47 v. as “<. r”, gives the deposition 
potential at — 2*63 v. This value is by 0*51 v. more negative than 
that found in hydrochloric acid of the same concentration. Fig. 1 
shows the position of this decomposition point. 

If there were no concentration polarization and no drop of po¬ 
tential in the solution, a current equal to the saturation current 
would be reached at .— 0*24 v. (see the dotted curve in Fig. 1), 
i. e. 0*23 v. before the deposition potential of hydrogen. Since at 
this potential (— 2*40 v.) potassium ions deposit from their milli- 
normal concentration, we may calculate the concentration of pot¬ 
assium ions existing at the kathode surface at — 2*63 volts as 

c~ 10- 3 “o«f = 10“ 7 . Thus the decomposition of water seems to 
occur at the potential at which the concentration of potassium ions 
is equal to that of hydrions in the neutral solution. 
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c) Solutions of compounds of the alkaline earths. The compounds 
of barium and strontium have a similar effect upon the decompos¬ 
ition point of water to those of the alkalies. Also here no difference 
has been observed in the alkaline and the neutral solutions. How¬ 
ever, solutions containing ions of calcium or magnesium never show 
on polarographic curves saturation currents which would allow us to 
observe the last decomposition potential. This is most probably due 
to the decomposition of their amalgam, which is utterly unstable in 
water giving hydrogen and the hydroxide. 

d) Solutions of salts of some other metals. Polarographic curves 
of solutions of salts of less base metals, as aluminium, zinc, mercury, 
show the decomposition potential at the same place as observed in 
the dilute acidic solutions, viz. at — 2i v. (see Fig. 8). On the other 



hand the electrolysis of solutions of silver, copper, cadmium, nickel, 
cobalt, manganese showed a considerable shift of the decomposition 
point towards more positive potentials, i. e. by 0‘2 to 0*4 v. Here 
again traces of alkali metals cause a shift back to the negative 
values, by ca. 0’5 v. 

* 

Theoretical discussion. 

The evolution of hydrogen proceeds at the dropping mercury ka¬ 
thode under a considerable overpotential, which amounts to about 
one volt. The theoretical discussion of J. Heyrovsk^ 1 ) and the 
experimental studies of P. Herasymenko 8 ) established beyond 

») Rec. trav. Chim. 46, 499 ( 1925 ). 

s ) ibid. 46, 503 ( 1925 ). 
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doubt that this overpotential, a>, depends on the concentration of 

MX 1 

hydrions by the formula o> = log [U '] + K, where [H’\ denotes 

the concentration of hydrions and K a constant. The shift of the 
deposition potential of hydrogen, thus depends on the concentration 
of hydrions, by the relationship 


7tiy 


2JIT 
n F 


log 


WTs * 


This relation has been also deduced theoretically under the assumption 
that molecules J/ 2 are formed from the union — across the interface — of 
negatively charged hydrogen atoms, IV, existing on the surface of 
the kathode with the hydrions from the solution. P. Herasymenko 
and I. Slendyk 3 ) showed later on that the catalysing influence of 
hydrions on overpotential is due to the adsorbed layer of hydrions, 
which modifies the coefficient of the log. from the value O’l 12 v. to 
0-092—0098 v. when the analytical concentration of hydrions varies 
from 0‘01 to 00001 n. 

Thus the shift of the deposition potential of hydrogen from a 0-001 n. 
concentration of hydrions to 10~ 7 n. should be ca. 0*010 X 4. This is 
nearly the difference (0 38 v.) between the first and the second de¬ 
composition voltage observed in a 0 001 n. HCl solution — as seen 
from Fig. 7. The view seems, thus, sufficiently established that the 
second decomposition is due to the deposition of hydrions from 
pure water, at their concentration 10~ 7 n. It must be borne in mind 
that at the saturation current of the first hydrogen deposition say 
above the voltage 2-2, free hydrions of the acid do not exist at 
the surface of the kathode, since immediately as they diffuse to it, 
they are deposited, thus constituting the “diffusion” or saturation 
current. 

Next the striking influence the presence of ions of the alkali metals 
on the second decomposition potential has to be explained. These 
kations increase evidently the overpotential and thus their action is 
regarded as hampering the evolution of hydrogen, which proceeds 
— in view of the theory mentioned above — according to the reaction 


H' + H+ — H t . 

The following explanation is proposed: At voltages above the 
second decomposition point observable in acids, there may be hy- 

s ) Z. physikaL Chem. A, 149, 123 (1930). 


2 
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drions present in a concentration only 10“ 7 n.; now in the presence 
of the alkalies at this voltage the concentration of the alkali kations 
prevails considerably over that of hydrions, and thus the kathode 
surface is covered practically only by alkali kations. The H' particles 
of the metallic phase find now as their partners in the adjacent so¬ 
lution principally the alkali kations and remain bound to them as 
doublets, since the polar character of these hydrides, e. g. K' H', is 
well developed. Hence there are exceedingly few encounters possible 
for the 7Z 2 formation, and thus the evolution of hydrogen is hampered 
until such voltage is reached at which practically all alkali kations 
in the interface are exhausted. This happens at the voltage — 3 - 10 
(i. e. kathodic potential —2-63) — see Fig. 1 — at which the con¬ 
centration of potassium ions falls to the value ca. 10~ 7 n. 

At this potential the interface is also exhausted from anions — 
whether hydroxyl ions or other — as they must be always equal in 
number to the kations. 

On the other hand, the katalyzing action of magnesium and cal¬ 
cium ions must be sought in the very small molecular volume of 
their hydrides, which does not allow stable doublets to be formed 
across the interface, in which the metallic phase would be covered 
by H' particles and the adjacent solution by Mg" or Ca" ions. As 
soon as such oppositely charged atoms approach each other, a mole¬ 
cule is formed, which passes into the solution and becomes hydro¬ 
lyzed into the metallic hydroxide and hydrogen. In this way these 
kations are supposed to catalyze the evolution of hydrogen. 

The deposition of aluminium, zinc, mercury has no effect on the 
second decomposition point, no doubt as these metals do not change 
the overpotential of hydrogen, exhibiting a similar one to mercury. 
However, the metals silver, copper, cobalt, nickel, which themselves 
offer small overpotential, lower probably that of mercury when electro- 
deposited, so that the decomposition point of water is in their so¬ 
lutions shifted to smaller voltages. 

Finally the curious fact has to be pointed out here that the inter¬ 
facial tension as shown in the diagram Fig. 4, ceases to decrease at 
the deposition potential of the alkali metal, remaining henceforth 
constant, i. e. uninfluenced by the increase of the kathodic potential. 
As the ionic concentration around the kathode becomes at these voltage 
exhausted, the explanation offers itself that the “diffused double layer 
potential”, i. e. the Freundlich’s potential f, is probably the cause 
of the changes in the interfacial tension, and not the thin double-layer 
very close to the surface of the kathode. 
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Summary. 

Current-voltage curves, obtained polarographically when electro¬ 
lyzing dilute neutral or alkaline solutions with the dropping mercury 
kathode arrangement, show above the voltage of about 3 v. a steady 
rise of current. This increase of current is shown to be due to the 
decomposition of water, hydrogen being deposited from hydrions 
of the neutral solution. 

The deposition potential of this process has been derived from 
the applied voltage and the drop of potential, i X r, across the 
electrolyzing circuit. 

The resistance r has been directly measured and also derived 
from the curves by means of a formula deduced for the resistance 
of the electrolyzing cell. 

The cathodic potential of the decomposition of water agrees with 
that derived from the hypothetical process of the evolution of hydrogen 
at a mercury kathode as being due to the union of II' -f IT. An ex¬ 
planation of the hampering effect due to the kations of the alkali 
metals is offered. 

It has been found that mercury polarized kathodically in solutions 
of compounds of quaternary amines looses, at a considerable vol¬ 
tage, its interfacial tension and coherency, producing thus an im¬ 
pression- as if it were boiling. 


2 * 



POLAROGRAPHIC STUDIES WITH THE DROPPING MER¬ 
CURY KATHODE. — PART XXIX. - ELECTRO-DEPOSITION 
OF CALCIUM AND MAGNESIUM AND THE 
ESTIMATION OF CALCIUM 

by GEN KIMURA. 

The present work has been undertaken as a systematic search 
for conditions under which the saturation currents due to the electro- 
deposition of calcium and magnesium were sufficiently developed so 
as to furnish means to estimate the metals quantitatively. This is by 
no means an easy task since the electro-deposition of calcium and 
magnesium is complicated by the simultaneous evolution of hydro¬ 
gen, which is very difficult to eliminate. The first reports 1 ) on the pos¬ 
sibility of some estimation of these pietals in solution were negative, 
since in neutral solutions no “saturation” or “diffusion” currents could 
have been obtained, but always a rising current, steadily increasing 
with the applied E. M. F. The large oscillations of the galvanometer 
indicate the evolution of hydrogen. 

The electro-deposition and estimation Qf calcium. 

The possibility of obtaining a saturation current seemed — at least 
for calcium — not excluded, as K. Gawalowski 2 ) reported to have 
obtained a “wave” due to the deposition of calcium ions in great dilution 
and D. Ilkovifc 8 ) a similar one in the presence of barium hydroxide. 

The latter method of procedure was first investigated, a solution 
of calcium hydroxide (0‘046 n.) having been dropped from a burette 
to a 0 0036 n. solution of barium hydroxide in the electrolyzing Vessel. 
In this way polarograms of the type shown in Fig. 1 were obtained. 
The “wave” due to the electro-deposition of calcium indeed appeared 
and its height was, at small concentrations, proportional to the 
amount of calcium hydroxide added. Yet at greater concentrations 

') J. Heyrovsky and S. Berezicky, this Journal 1, 19 (1929). 

J ) Hitherto unpublished results. 

’) Dissertation, Charles University, 1932. 
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the height of the “wave” grew more rapidly than expected from the 
amount of calcium ions present in the solution until the final linear 
increase of the current coalesced with the increase due to the de¬ 
position of calcium. This procedure thus would allow an approxim¬ 
ate estimation of calcium ions in great dilution. 

A number of other solutions were tried to see, if the presence 
of calcium ions in them would evoke a well measurable saturation 
current on the polarographic curve. In this respect all neutral solu¬ 
tions gave negative results e. g. those of barium chloride, alkali 
chlorides and telramethylammonium chloride, further of barium or 



sodium cyanides-, on the other hand in the presence of ions of 
tetramethyl (or -ethyl) ammonium in alkaline solutions calcium ions 
were always found to give good saturation currents, the height of 
which is well measurable and proportional to the concentration of 
calcium ions. In such experiments either solutions of calcium chloride 
were added to solutions of the quaternary amine base of normality 
01 to 0-005, or solutions of calcium hydroxide to that of an amine 
chloride; also both hydroxides were mixed. The solutions were electro¬ 
lyzed either in the atmosphere of hydrogen or open to the air, both 
ways giving satisfactory results. 

The great advantage of the quaternary-amine solutions in electro¬ 
lysis with the dropping mercury kathode is that their decomposition 
voltage is extremely great, ca. 2-8 v. in dilute solutions such as were 
here used. This gives ample room on the curve for the saturation 
current of calcium to develop, as its deposition potential is about 
— 2*2 V. The quaternary amine has to be very pure and especially 
free from the other, volatile, amines, i. e. it should have no smell; 


m 

otherwise the lower amines deposit at potentials around — 2:2 v. 
which makes the deposition of calcium indistinct. Before reaching 
the horizontal portion of the saturation current due to the deposition 
of calcium the curve describes a prominent maximum, which hinders 
to some extent the precise determination of the height of the “wave”. 
Various means have been, therefore, tried in order to suppress the 
maximum, e. g. fuchsin and other dyes, camphor, ether, ethylchioride, 
freshly precipitated barium sulphate, gelatine and also great resist¬ 
ance in the circuit, yet none proved effective to that extent that it 
would cause the maximum to vanish. 

Beside these estimations of calcium ions in quaternary base solu¬ 
tions, attempts were made to use the reduction “wave” of nitrates, 
effected by the presence of calcium ions, for their quantitative mea¬ 
sure. It has been described recently 4 ) that in the presence of di- or 
tri-valent kations nitrates and nitrites are electro-reducible at the drop¬ 
ping mercury kathode forming “waves”, the heights of which depend 
on the concentrations of both the nitrate anions and the kations. 

Yet, although the height of the “nitrate wave” was indeed found 
to be evoked and influenced by the concentration of calcium ions, 
no simple nor distinct relationship could have been derived from 
these experiments as to the estimatipn of calcium. 

Thus the only way of obtaining measurable saturation currents, 
which would increase proportionally to the concentration of calcium 
ions, is to add the calcium solution to a ca. 0‘01 n. pure quaternary 
hydroxide solution and obtain the electrolytic curve either with the 
solution open to the air, or — if great sensitivity be required — in 
an atmosphere of hydrogen. In the latter case the ordinary limit of 
sensitivity is reached at 10 s gr-equiv. Ca" per litre. As at the 
considerably negative kathodic polarization, at which calcium ions 
deposit, the rate of dropping of mercury from the capillary becomes 
very quick, one has to use extremely slowly dropping capillary 
kathodes for such estimation, having a drop time 10 to 15 sec. when 
dropping in distilled water. 

An obstacle to the polarographic estimation of calcium ions are 
ions of other metals when present in a concentration greater than 
15 times that of calcium, since the deposition potential of calcium is 
the most negative of all inorganic substances. Thus even the ions 
of the alkalies and other alkaline earths make the saturation current 
of calcium indistinct, when present in excess. The alkalinity of the 
solution eliminates the majority of heavier metals and magnesium, 


') M Tokuoka, this Journal 4, 444 (1932). 
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yet there is still the coincidence in the deposition potential of lithium, 
which cannot be removed. Thus, in the presence of lithium, the 
height of the saturation current determines the sum of concentrations 
of lithium and calcium. The only difference in the deposition “waves” 



of lithium and calcium is that lithium ions do not cause a maximum, 
whereas calcium ions lead to a very prominent one; this distinction, 
however, breaks down in their mixtures, where the maximum persists. 



Fig. 3. 

The simultaneous estimation of barium, strontium and calcium. 
On the right hand side curve repeated. 


Fig. 2 shows the proportionality of the growth of saturation 
currents due to the deposition of calcium with the increase of the 
concentration of calcium ions. There are always slight irregularities 
observable on the curves which are caused by the quick rate of 
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dropping which is very sensitive towards shocks. In this polarogram 
the curves begin at a voltage of 1*6 volt, the deposition of calcium 
ions occurs at 2'2 volt and the decomposition of the quaternary 
base at 2'8 volt. 

Fig. 3 is given to illustrate the polarographic distinction between 
the three analogous alkaline earth metals. The solution was a mix¬ 
ture of millinormal hydroxides of calcium, strontium and barium in 
a ca. 001 n. K!(CH : ,) i Cl solution; the electrolytic curve was obtained 
after air had been expelled from the mixture. To enlarge the dif¬ 
ference in the deposition along the curve, the potential drop across 
the potentiometric wire has been widely extended to be 65 millivolts 
per each abscissa. The deposition potentials of these metals occur 
thus at — 1-90, —2-10 and —2 20 v. from the potential of the calomel 
electrode. The curve is repeated to show its good reproducibility. 

The precision of this estimation is the usual polarographic one, 
viz. that of the measurement of the height of the “wave”; this amounts 
to + 5% of the absolute content of calcium, the limit of estimation 
being in a concentration of 10 _5 ^r-equiv. per /. 


The electro-deposition of magnesium. 

It has to be stated beforehand, that although the electro-deposi¬ 
tion of magnesium is accompanied at the dropping mercury kathode 



Fig. 4. 


by several interesting phenomena, e. g. the simultaneous deposition 
of hydrogen or the influence on the electro-reduction of many 
anions, it cannot be — by itself — used for a quantitative estimation 
of magnesium ions. Like in the case of calcium, its electro-deposition 
from aqueous solutions leads to no saturation currents except when 
in the presence of quaternary amine salts. Yet these currents are also 
accompanied by hydrogen evolution, which is evident from their 
abnormally large values being several times greater than thei current 
which would be due to the deposition of the magnesium ions present 
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This is seen from Fig. 4 on the height of maxima and “waves” 
due to the deposition of magnesium: the saturation current due to 
50 drops of 0001 n. MgOl 2 added to 10 ccs of 0-1 n. is 

15 mms high, the sensitivity being 2/100. Fig. 2, which has been 
obtained with 3/100 sensitivity, shows a current 50 mms high when 
50 drops of 0045 n. Oa(011) 2 were added to 10 ccs of the solution; 
recalculated for the sensitivity 2/100 this is 34 mms. This current is 
twice as great, yet the concentration of calcium ions was 45 times 
as large than that of magnesium ions. Hence the waves are about 
20 times as large as required for the electro-deposition of magnesium 
ions. The prevailing part of the electricity passed must be due to 
the electro-deposition of hydrogen from water, which is evidently 
catalyzed by the presence of magnesium ions. In the preceding po- 
larographic communication fl ) an explanation is given of the simultane¬ 
ous evolution of hydrogen, based on the formation of hydrides. 
Written in equations this process is: 

2 //+ -f 2 © — 2 H 

now at the kathode under overpotential: 

2 // + 2 © — 211 ' 

but across the interface: 

MV/++ (solution) -f 2 //' (kathode) -*■ MgH» 
and in the solution: 

Mull, -f 2 UOll — M(/(0H)z + 2 11 2 
Mg(OH) 2 — Mu" + 2 OH' 

The total process is thus 

2H+ + 2H0H + 4© — 211 2 + 20H' 
or 4 11011 + 4 © — 2 li 2 + 4 OH', 

i. e. the evolution of hydrogen from water, catalyzed by the presence 
of magnesium. In the case of calcium the hydrogen evolution was 
eliminated by making the solution alkaline; this is, however, impos¬ 
sible in the case of magnesium, the ions being precipitated even 
by a small concentration of hydroxyl ions. 

A series of curves was obtained showing the simultaneous de¬ 
position of magnesium and calcium; here it was observed that alrea¬ 
dy after small additions both maxima and “waves” coalesce into 
one, so that no conclusion may be drawn as to their quality. Also 
a dilute solution of ammonia with ammonium chloride has been tried 

s ) D. IlkoviJ, this Journal, 4, 480 (1932). 
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as a solvent for magnesium salts; the curves obtained in great dilut¬ 
ions showed some tendency to form “waves” due to magnesium, yet 
at concentrations nearing O'OOI n. again practically all the deposition 
consisted in the evolution of hydrogen without terminating in a sa¬ 
turation current. The maxima due to magnesium were again found 
to be not suppressible, although all the known agents were tried, 
such as various dyes, camphor, ether, colloids as well as the action 
of electric resistance put in series in the circuit. 

In order to remove the ambiguity existing in the determination 
of the simultaneous presence of calcium and magnesium ions from 
“waves” formed on curves obtained from solutions of quaternary 
amines, the following plan was followed: The solution examined was 
first dropped to a pure alkaline solution of the quaternary base and 
gave thus curves which showed only the maxima and “waves” due 



to the deposition of calcium. Next, another part of the solution exam¬ 
ined was dropped to a solution of tetramethyl ammonium oxalate 
in order to keep the concentration of calcium ions very small and 
allow only the magnesium ions to act electro-chemically. In the latter 
case extremely sharp, often discontinuously rising, maxima were ob¬ 
served (Fig. 5), which were found to be much more sensitive to 
small additions of magnesium ions than those obtained on curves 
from chlorides. 

Recently light has been thrown on this phenomenon through the 
experiments of L. Schwaer, who found that oxalates are electro- 
reducible at ca. — 2-0 v. in the presence of magnesium ions. Evidently 
in the solution of oxalate of the quaternary amine, the oxalate anions 
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are also being reduced at the dropping mercury kathode this owing 
to the presence of the divalent kations of magnesium. 

However, no simple relation between the concentration of magne¬ 
sium ions and the height of such maxima or “waves” could have 
been derived from our experiments, so that the conclusion has been 
arrived at that magnesium ions are polarographically not determinable 
quantitatively. 

Specimens used for these experiments were tested for purity by the 
polarographic method and were — moreover — used in such a dilution, 
that impurities could not interfere. The important solutions of quater¬ 
nary bases and their salts were made from reagents prepared in a high 
degree of purity by the firm lng. G. J. Dfiza. 

The author’s best thanks are due to Professor J. Heyrovsk^, 
for his kind and helpful interest. 

Received March 1932. 

The Physico-chemical Institute 
of the Charles University , Prague. 

Summary. 

The conditions were sought at which calcium and magnesium 
would be electro-deposited at the dropping mercury kathode without 
the simultaneous evolution of hydrogen. 

It has been found that calcium deposits reversibly from alkaline 
solutions containing quaternary amine bases. Its electro-deposition 
gives on the polarographic current-voltage curves reproducible satur¬ 
ation currents, the magnitude of which is proportional to the con¬ 
centration of calcium ions. The amine should be O’Ol to 0’1 n. and 
the calcium about tentimes more dilute. It is thus possible to estim¬ 
ate calcium ions, in absence of lithium and in a concentration of 
other metals not exceeding 15 times that of calcium, in dilutions 
down to 10~ 5 ^r-equiv. p. 1. with a precision of ± 5%. 

The electro-deposition of magnesium could not have been freed from 
the simultaneous evolution of hydrogen. In solutions of tetramethyl- 
ammonium oxalate magnesium is deposited under a simultaneous 
reduction of oxalate anions at the dropping mercury kathode. 



SUR L'ACIDE tf-GALACTURONIQUE ET LES PRODUITS 
DE SA METHYLATION 

par K. SMOLESlSKI et M. CICHOCKI. 


Des produits hydrolytiques des matieres pectiques, I’acide d-galac- 
turonique fut extrait k ltetat cristallise presque simultanement par 
F. Ehrlich, 1 ) qui l’isola sous la forme de l’acide anhydre C 6 H lQ 0- l , et, 
ind6pendamment, par K. Smolehski et W. Wlostowska 2 ) qui 
obtinrent son hydrate Cy/ 10 0 7 . H.,0. 

Dans la presente communication, nous completons sous divers 
rapports les indications des auteurs cites, et, entre autres, rendons 
compte de la methylation de l’acide galacturonique. 

I. L’hydrate de I’acide (Z-galacturonique cristallise dans Palcool en 
longues, fines aiguilles. En tube capillaire, il se ramollit, entre 109 
et 110°, puis change de couleur, passant successivement du rose au 
brun leger, pour fondre une deuxieme fois a 158° avec decomposition 
ulterieure. 

Son pouvoir rotatoire spdcifique en solution aqueuse, pour 
c— 1987 gr\ 100 cc, est le suivant: 


Temps ^coule 
apres la dissolution 


M 


20 pour 
o l’hydrate 


calcute pour 


5 min. + 77*93° 

36 » + 58*07° 

2 heures + 53*72° 

3 » V« + 52*24° 

24 » + 52*24° 


+ 85*1° 
+ 63*5° 
+ 58*7° 
+ 57*1° 
-f 57*1° 


Le chijfre d’acide pour 100 gr de substance a 6t£ trouve 6gal 
I 458 cc de NaOH Nil (dans le temps nous l’avions trouve respec- 
tivement 452 et 457 cc), alors que la valeur theorique est de 471 cc. 

*) Deutsche Zuckerindustrie 1924, 49, 1046; Biochem. Zeit. 1926, 168, 263; 
Ber. 1929, 62, 1974. 

2 ) Rocznikl Chentji 1926, 6, 743 et 1927, 7, 636. 
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Une partie de l’acide galacturonique paraft exister dans la solution 
sous la forme d’une lactone. 

Le pouvoir riducteur , determine exactement pour des pesees 
allant de 23 a 92 mgr de C 6 H i0 O 1t s’est revele identique k celui du 
galactose. 

Le rendement en atide mucique forme lors de l’oxydation par 
1’acide azotique etendu suivant le proc6d4 van der Haar, et deter¬ 
mine sur des poids variables, ressort des chiffres suivants: 92"5 et 
137 mgr de C 8 H 10 O-, ont respectivement fourni 35 et 78 mgr d’acide 
mucique. 

La determination du rendement en furfurol engendre en distillant 
I’acide galacturonique avec I’acide chlorhydrique k 12% d’apres la 
methode de To I lens a montre que pour obtenir la teneur en acide 
galacturonique anhydre %// 8 0 6 il faut multiplier par 2 58 le poids du 
furfurol-phloroglucide trouv£. 

M6thyl-(/-galacturonide et son ether methylique. 

L’hydrate galacturonique pur, cristallise, a ete soumis a la methy- 
lation d’apres la methode d’E. Fischer, en chauffant, en tube scelie, 
1 partie d’hydrate avec 20 parties d’alcool absolu renfermant 0*25% 
d'HCl, pendant 50 heures au bain-marie. Apres elimination de l’acide 
chlorhydrique par agitation avec la quantite theorique de carbonate 
d’argent, le filtrat concentre nous a donne, apres quelques jours, 
de beaux cristaux rhombiques qui se sont r£v61es etre de Father 
methylique de methyl-rf-galacturonide pur de formule 

(Cll 8 0). CH — CmOH) — CH(0H) — 67 /( 0 //) — 67 / — C00CII 8 . 

Le rendement en substance pure cristallis^e £tait d’environ 30% 
de 1’acide mis en oeuvre. Le corps est bien soluble dans l’eau et 
Falcool methylique, peu dans Falcool ethylique, presque insoluble dans 
l’acetone. II ne reduit pas directement la liqueur cupropotassique, 
tandis que apr^s hydrolyse une reduction dnergique a lieu. La solution 
aqueuse est presque neutre. Le point de fusion est entre 137 et 138°. 


Composition Slimentaire 

Indice d’ither 

ch 3 oh 

6'e^ 8 0 7 (6W 8 ) 2 : 

Calcuie C 43-24%, H 6*31 % 

4504 cc de NaOH Nj\ 

28-85% 

Trouve C 43*14%, H 6'42% 

447*0 cc de NaOHNf\ 

28-05% 

43-17% 6-79 % 
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Le pouvoir rotatoire en solution aqueuse, pour c = 0*457 gr /100 cc, 
a £fe trouvd [«]”= + 124*9°. 

En saponifiant le corps par une solution de baryte caustique on 
obtient le sel barytique de 1’acide methyl-galacturonique dont on met 
en liberty le mithyl-d-galacturonide (acide m6thyl-<7-galacturonique) 

CJLvfln • 

(CH s 0) OH — CH (OH) — OH (OH) — CH(OH) — OH— C00H 

I- Q -1 

Ce corps, obtenu k l’etat microcristallin, est bien soluble dans 
I’eau, moins facilement dans l’aicool ethylique, presque insoluble dans 
l’acetone. II reduit seulement apres hydrolyse. Une solution aqueuse 
de concentration c —0*5% prSsente un p H environ 1*8—2*0. Le point 
de fusion est entre 115 et 116°. 


Composition eldmentaire 

C 6 U 9 0 ~,. CH S : 

Chiffre d’acide 

ch 2 oh 

Calcule C 40*38°/ o , 

H 5*77% 

480*8 cc de No OH N /10 

15*38 % 

Trouve C 40*21%, 
40*26% 

H 5*81 % 
5-89% 

468*9 cc de NaOU N /10 

14*95% 


Pouvoir rotatoire spdcifique pour c = 0*448: [a]b n — + 138*5°. 

Methyl-d-galacturonate de baryum. Le sel a efe obtenu k lfetat 
microcristallin. 11 est bien soluble dans I’eau, presque insoluble dans 
I’alcool et l’ac£tone. Les dosages respectifs du carbone, de l’hydro- 
gene, du baryum et de l’alcool methylique fepondent exactement 
k la formule (O^HgO^OH^ Ha. Le pouvoir rotatoire .pour c — 1*04 gr 
est [a!2>° = -f 103*9°. 

Le filtrat apres les cristaux de I’ether methylique du methyl-d-galactu- 
ronide decrit plus haut, maintenu au dessiccateur pendant un temps 
prolong^, finit par fournir un £pais sirop dont l’analyse (dosage de 
C, H, CH 8 0H, indice d’ether) donnait les mfirnes chiffres qu’on ob¬ 
tient avec le produit cristallis#, en d’autres termes, constituait lui 
encore un £ther methylique du >nfethyl-d-galacturonide. Par contre, il 
s’en differenciait par son pouvoir rotatoire qui a £te trouv^, pour 
c = 3*91 gr, egal k [a]b° = — 36*92°. 11 est hors de doute qu’on est 
en presence d’une isomerie d’ordre sfefeochimique. De mime que 
chez les sucres simples, l’alcoylation des acides hexuroniques donne 
deux sfefeoisomeres ne different l’un de I’autre que par la position 
de l’hydrogfene et du nfethoxyle lies au carbone alcfehydique. De 
mSme que deux alcoylo-glucosides correspondent d deux formes 
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d’un sucre simple, d£sign£es par a et ft et qui dependent de la po¬ 
sition dans l’espace de Oil et If au carbone dit ald£hydique, les 
deux methylgalacturonides correspondent H deux formes d’acide 
galacturonique qu’on doit egalement designer par a et ft. De ces 
deux formes d’acide galacturonique celle qu’on connait Ie mieux est la 
forme & pouvoir rotatoire droit £leve. C’est sous cette forme que, 
d’accord avec F. Ehrlich, nous appelons forme a, que l’acide galactu¬ 
ronique existe dans l’hydrate cristallise £tudie par nous. Sa rotation 
[a]F, observee imm£diatement apres dissolution, est probablement 
superieure & + 100°. Lorsque la solution est abandonn^e, la forme 
a passe successivement en forme ft qui est 6videmment faiblement 
dextrogyre ou meme levogyre. A mesure qu’il y a transformation en ft, 
le pouvoir rotatoire, fortement droit au d£but, diminue graduellement 
pour atteindre [a]b° — + 57'0°, lorsqu’il y a £quilibre entre les formes 
a et ft. 

Des deux others methyliques isomeres, la forme cristallisee k pou¬ 
voir rotatoire 61eve repond avec le plus de vraisemblance & la forme 
a, fortement dextrogyre, de l’acide galacturonique, et doit egalement 
£tre designee par a. La deuxieme forme, amorphe, de I’ether m£thyli- 
que (qui d’ailleurs n’a certainement pas encore et£ prepare a 1’etat 
pur) constitue done la forme ft. 

A partir de lather m^thylique de 1’acide /?-methyl-(/-galacturonique 
nous avons prepare, d’une part, l’acide /?-methyl-c?-galacturonique libre, 
dont le pouvoir rotatoire, pour c — 1'872 gr, 6tait [a]?" — — 32 3°, 
d’autre part, son sel barytique (<7 a i/ 8 0 7 Ci/ a ) 2 Ba, chez lequel [a]jb n est de 
— SS't) 0 pour c~ 1611 gr. A l’analyse el£mentaire (Cl, H, Ba) et au 
dosage de CH B 0H, l’un et l'autre corps ont donne des chiffres con¬ 
cordant avec les formules ci-dessus. 

En r6sum6, lors de la m6thylation, d’apres la m^thode d’ E. F i s c h e r, 
de Pacide. (^-galacturonique hydrate on obtient un melange dithers 
methyliques a et ft de m&hyl-rf-galacturonide, dont I’isomere a, k pou¬ 
voir rotatoire droit 61ev£, a 6t£ obtenu k I’etat pur, sous forme de 
beaux cristaux. 

Mars 1932. 

Institut technologique des hydrates de carbone 
& I'Bcole Polytechnique de Varsovie 
(Pologne). 



SUR L’IDENTITE DE LA VOLEMITE (o-SEDOHEPTITE) ET 
LA yJ-cf-MANNOHEPTITE 

par V. ETTEL. 


A cet alcool heptavalent, extrait, d’une part, du champignon Lacta- 
rius volemus, d’autre part, des racines de certaines Primulacees (Pri¬ 
mula officinalis, Primula grandiflora, etc.), la configuration suivante 
a £te assignee par La Forge et Hudson: 

011,011 

I 


110—c—u 
I 

H — C—Oil 

I 

11 — C—OH 

I 

H—0—011 
I 

H—O—OH 

I 

OH,OH 


ou 


011,011 
II — C—OH 

I 

HO—0—11 

I 

no—a —h 
1 

110 — C—H 

I 

HO—0-11 

I 

CH,OH 


Cette formule spatiale ne saurait etre exacte pour des raisons que 
je signalerai plus bas. 

Pour les heptites C 7 // 16 0 7 , la theorie du carbone asymetrique pre- 
voit la possibility de 16 formes ster£oisomeres que void: 


CH.OH 

I 

HO—C—H 

I 

H—C—011 

I 

HO—C—H 

I 

H—O—OH 

I 

H—C—OH 

I 

CH z OH 

I 


011,011 

H—O—OH 

I 

HO—C—H . 

I 

H—C—OH 

I 

HO—C—H 

I * 
HO—C—H 

i 

ch 2 oh 

II 


011,011 

H—O—OH 

I 

H0—C—I1 

I 

HO—C—H 

I 

H—C—OH 

I 

1I—C—0H 

I 

CH«0H 

111 


CH,OH 

HO-C—H 

I 

H—C—OH 

H—C—OH 

I 

HO—C—H 
HO- 


V 

-C—H 


CH t OH 

IV 



CH 2 0H 

HO—C—H 


CH,OH 


ClhOH 
H—C—OH 

I I 

HO—C—H H—C—OH 

I I 

HO—C—H H—C—OH 


H-C-OH 

HO—C-H 

| 

H—C—OH 

| 

HO—C—H 

| 

CH,0H 

V 

| 

CH.0H 

VI 

ClhOH 

ClhOH 

1 

H—C—OH 

UO—C—H 

| 

H-C-OH 

j 

HO-C—H 

| 

H—C—OH 

j 

HO—C—H 

| 

H0—C—1I 

| 

H—C—OH 

| 

H—C—OH 

| 

HO—C—H 

j 

(HUM 

IX 

j 

ClhOH 

X 

CH.OH 

ClhOH 

H—C—OH 

H—C—OH 

| 

H—C—OH 

j 

HO—C—H 

| 

HO—C—H 

| 

H—C—OH 

j 

H—C—OH 

| 

HO-C—H 

| 

H—C—OH 

| 

H-C—OH 

1 

ClhOH 

XIII 

| 

ClhOH 

XIV 
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CH,0H 

CH % 0H 

| 

HO—C—H 

| 

H—C—01I 

| 

H-C—OH 

| 

HO—C—H 

| 

HO—C—H 

| 

H—C—OH 


I I 

HO—C—H H-C—OH 


I I 

H—C—OH 110—C-H 


I 

C1L0H 

J 

ClhOll 

VII 

VIII 

ClhOH 

CH 2 OH 

HO—C—H 

H—C'—OH 

HO—C—H 

| 

H—C—OH 

| 

H-C-OH 

| 

HO—C—H 


I I 

H—C—OH HO—C—H 

I I 

1I—C—OH HO—C—H 

I I 

ClhOH CH z OU 



- 

XI 

- . A 

XII 


ClhOll 

ClhOH 

H- 

—C—OH 

I 

H—C—OH 

1 

H—C—OH 

11—C—OH 

H0- 

1 

-C—II 

i 

H0- 

-C—H 

i 

H0- 

1 

-C—H 

| 

H—C—OH 

H- 

| 

-C—OH 

| 

H—C—OH 


| 

ClhOH 

| 

ch 2 oh 


XV 

XVI 


Parmi ses formules, les douze premises (I k XII) correspondent 
k des heptites optiquement actives, les quatre dernieres (XIII k XVI) 


3 
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k. des heptites inactives par compensation optique. Les douze pre¬ 
mieres formules constituent six paires d’antipodes. 

Jusqu’jt present, les heptites suivantes ont dte effectivement pre¬ 
pares : 

la yS-rf-glucoheptite (I) 

l’a-J-mannoheptite ou a-?-galaheptite (III) 
la /M-mannoheptite ou a-</-altroheptite (V) 
la ^-<?-galaheptite ou a-tf-guloheptite (VII) 
la /ff-tf-guloheptite ou /S-Z-altroheptite (IX) 

Parmi leurs antipodes les deux suivantes 

. l’a-7-mannoheptite ou a-rf galaheptite (IV) et 
la /0-7-galaheptite ou a-7-guloheptite (VIII) 

et enfin I’a-<7-glucoheptite inactive (X1U). 


C/5 

0 > 

-m 

fr 

^ C/5 

00 £ 

4) -J3 

E £ 
E 
§ 
c 

CD 


Les configurations XIII, XIV, XV, XVI n’entrent pas en ligne de 
compte |bour la volemite, parce qu’elles represented des systemes 
symetriqjies par compensation dans la molecule elle-m£me, alors que 
la volemite est optiquement active. 

La paire de formules I—II doit etre eiiminee, parce qu’elle constitue 
1’arrangement de la /9-glucoheptite _dej^ connue et distincte de la vo¬ 
lemite. 


De mfime la paire III—IV est 4 ecarter, c’est en effet la configu¬ 
ration de la perseite, sucre-alcool etudie & fond et completement dif¬ 
ferent dd la volemite. 

Les paires VII—VIII et IX—X ne sont pas plus admissibles pour 
la volemite, parce que la premiere represente I’arr&ngement /?-gala- 
heptitique, la seconde, 1’arrangement /?-guloheptitique qui existent, le 
premier, dans la /J-galaheptite dej<k connue et le second dans la fi-d-g ulo- 
heptite distinctes I’une et l’autre de la volemite: En effet, le point de 
fusion di 1’une et 1’autre est situe vers 130°, et les deux sucres-alcools 
presented un pouvoir rotatoire qui, quoique peu considerable, est tou- 
jours mesurable.Par contre,la volemite fond k 153° et son \d\™ — -|— 2*25° 
est assez eleve en comparaison de celui des sucres-alcools precedents. 

II ne reste done plus qu’Tt decider entre les paires V—VI et XI—XII. 

A cet effet, comparons les caracteres de la /j-d-mannoheptite avec 
ceux de la volemite: 

La j8-d-mannoheptite fut prepare pour la premiere fois par 
O. Peirce 8 ) en reduisant le /3-d-mannoheptose, plus tard, par 
F. B. La Forge 4 ) en reduisant le mannoheptose extrait des fruits 



507 


de Persea gratissima, ce qui fournit en m&me temps l’a-tf-mannoheptite 
(pers^ite). Dans l’un et l’autre cas la ^-df-mannoheptite n’a ete caracte- 
ris6e que par son point de fusion et le pouvoir rotatoire, et on n’a 
pas prepare de derives. 

Peirce indique que ia /J-<?-mannoheptite se ramollit entre 150 et 
153° pour ne fondre qu’sk 217° en donnant un liquide limpide. 
La Forge dit que la /?-tf-mannoheptite impure fond ik 140° et que 
le liquide trouble forme devient limpide a 215'*; pour le produit pur 
il donne 149—155° comme point de fusion. 

Suivant Peirce le pouvoir rotatoire de la /J-rf-mannoheptite est 
[a]i? ~ + 2 - 27° pour une solution aqueuse a 10%, La Forge trouve, 
pour une solution de concentration sensiblement egale, [a]]/’ — + 2-55°. 

En y opposant les donnees de la volemite, qui fond d 153° (le liquide 
trouble devient clair au-dessus de 190°), et presente [«];“ — + 225°, 
je constatai une concordance frappante, ce qui fit naitre le soupgon 
que la volemite et la £-(7-mannoheptite, pretendus differents, sont, selon 
toute vraisemblance, identiques I’une a l’autre. Pour corroborer cette 
maniere de voir, j’ai soumis la volemite et son acetal tribenzoique 
d’une part et la /M-mannoheptite d’autre part, It une etude compara¬ 
tive plus approfondie, et j’ai pr£par£ k notre laboratoire cette derniere 
heptite. Les resultats de mes observations se trouvent resumes dans le 


tableau suivant: 

volemite /t-d-mannoheptite 

point de fusion. 153° 150° 

[a]™ en solution aqueuse ik 3%.+2 - 07° + 1'9° 

[a] 2 J pour une solution de 0'2 gr d’heptite, 

0 5 gr borax dans 7 cc d’eau.+ 22‘8° -f- 24‘2° 

acetal tribenzoique p. de f. ...... . 214° 210° 

pour une solution k 1% de CHCl e . —1*7° —1'3° 

(a]^° pour une solution sk 1 °/ 0 de pyridine . — 48'4° — 42 8°. 


L’accord est si considerable qu’il n’y a pas de doute sur l’identite 
des deux heptites en question. Comme, d’autre part, La Forge et 
Hudson ont demontre, il y a assez longtemps, l’identite de la vole¬ 
mite avec l’a-sedoheptite, on peut ecrire 

volemite — a-s6doheptite = /3-d-mannoheptite (V) 
en d’autres termes, la configuration de la volemite est la suivante: 


3 * 
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C1I 2 0H 

HO—C—H 

I 

HO—C—H 

I 

HO—C—H 

I 

U—C—OH 

I 

H-C-OH 

I 

CH 2 OIi 

voiemite 

/?-(?-mannoheptite 

Ce fait nous dispense de tenir compte de la paire XI—XII signals 
plus haut. 

Les deductions de La Forge relatives k la formule spatiale de 
la voiemite tombent, et avec elles, en meme temps, sa conclusion sur 
la configuration de la /S-s6doheptite et du s£doheptose (voir le me- 
moire suivant). 

Faisons remarquer que dans I’etablissement de I’identite de l’a-sedo- 
heptite avec la voiemite il restait comme point vulnerable l’acetal 
acetique de ces heptites. Bougault et Allard 6 ) qui preparerent 
k partir de la voiemite un acetal acetique de composition non definie, 
donnent son point de fusion k 206° et son pouvoir rotatoire en 
solution de chloroforme egal ^ — 464°. La Forge indique pour I’acetal 
acetique de l’a-sedoheptite le point de fusion 191 —194° et le pouvoir 
rotatoire en solution chloroformique — 45‘55°. Dans un recent travail,®) 
j’avais trouve le point de fusion de l’acetal triacetique de la voiemite 
k 162°, le pouvoir rotatoire en solution chloroformique —72 - 35°. 
J’avais explique recart entre les deux valeurs en admettant que l’acetal 
de Bougault constitue soit un isomere, soit un acetal inferieur. 

J’ai reussi depuis k eiucider cette discordance. En effet, j’ai pu 
isoler des eaux meres apres la cristallisation de 1’acetai & point de 
fusion peu eieve un autre acetal de la voiemite, fondant celui-ci 
k 201° et tournant, en solution chloroformique —51'90°, et qui est 
evidemment identique k 1’acetal acetique observe par Bougault. 
L’analyse eiementaire revele qu’il s’agit d’un acetal triacetique, done 
d’un isomere. L’acetal k point de fusion eieve de la voiemite est done 
identique k l’acetal de l’a-sedoheptite, L’identite de la voiemite avec 
l’a-sedoheptite a done re?u, apres les deductions de La Forge et 
Hudson, 1 ) une preuve de plus. 
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Partie expgrimentale. 

I. £pim6risation de I’acide a-tf-mannoheptonique. 

250 gr d’acide a-tf-mannoheptonique, dissous dans 1250 cc d’eau, 
ont £te additionnes de 250 gr de pyridine pure, puis chauffes, en 
autoclave, pendant 4 heures a 140—145°. Apres refroidissement, le 
iiquide a €t€ filtte, alcalinis6 par une solution chaude de 250 gr de 
baryte caustique et abandonee au repos, pendant iequel ii a d6- 
pose le sel de baryum, difficilement soluble, de l’acide tw7-manno- 
heptonique qu’on a purifie ensuite par cristallisation dans I’eau 
bouillante. Le filtrat apres le sel barytique ainsi que les eaux nteres 
de la cristallisation ont £te r£unis, puis £vapores it sec dans le vide. 

Le melange de sels barytiques des acides mannoheptoniques a et p 
a £te separe par cristallisation fractionnee dans I’eau. Le sel de l’acide 
«-mannoheptonique, moins soluble, se separe le premier et k l’etat 
d’une gelatine rappelant le gel de silice. L’evaporation des eaux meres 
donne le /7-mannoheptonate de baryum sous forme d’un sable cristallin. 

Les sels de baryum des deux acides se ressemblent beaucoup 
par leur aspect, ce qui explique le fait que pendant longtemps l’acide 
/W-mannoheptique ait echappe a l’attention des chercheurs lors de la 
synthese cyanliydrique, de sorte qu’on a pu supposer la formation 
de l’acide «-mannoheptonique seul. En realite, il se forme dans cette 
reaction une proportion considerable (15°/o environ) d’acide p. 

Des sels de baryum, les acides respectifs ont ete mis en liberte 
au moyen d’acide sulfurique. En somme, de cette premiere 6pime- 
risation on a pu regen£rer environ 150 gr d’acide a-tf-mannoheptonique 
inaltete qu’on a soumis ensuite k une nouvelle epimerisation. 

Pour obtenir l’acide p & l’6tat de complete purete, je I’ai trans- 
fornte en ph^nylhydrazide qui est bien plus soluble que la pftenyl- 
hydrazide de I’acide a. Plus tard, j’ai toutefois constate qu’on atteint 
le but bien plus rapidement et avec moins de pertes en passant par 
le sel calcique de l’acide p qui cristallise beaucoup plus facilement 
que le sel de baryum. 

L’acide qui avait 6te purifte en passant par la ph6nylhydrazide, 
n’avait aucune tendance k cristalliser; c’est pourquoi je i’ai transforme en 
jS-mannoheptonate de calcium. Apres deux recristallisations dans 1’eau, 
ie sel pur a 6te traite par l’acide oxalique. L’acide p ainsi mis en 
liberte ne tarda pas & cristalliser. Recristallis6 dans I’alcooi dilu6, il 
forme de fines aiguilles fondant & 155°, tournant en solution 
aqueuse k 4% [a]^° = — 29°. Par chauffage, il passe partiellement 
k ltetat d’une lactone qu’il m’a toutefois ete impossible d’isoler. Les 
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eaux meres apres la cristallisation ont ete transform^es en sel de 
baryum qui, lorsqu’il est k l’£tat pur, cristallise assez bien. 

Analyse des sels: 

(6' 7 Zf 18 0 8 ) 2 6'«: Calcule Ca 8'18°/ 0 . 

Trouve Ca 8'36°/ 0 . 

{C-JIMiBa: Calcule lia 2331 %. 

Trouve Ba 23‘26°/ 0 . 

Preparation du ^-mannoheptose. 

Le sirop renfermant environ 20 gr d’acide /?-rf-mannoheptonique 
a ete maintenu, pendant 4 heures, & 80—90° dans le vide, pour que 
1’acide passe k I’etat de lactone. Le produit a ete reduit ensuite, de 
la fagon habituelle, au moyen d’amalgame de sodium & 2%. Le /?-manno- 
heptose obtenu, abandonne au dessiccateur, a fini par cristalliser au 
bout de huit jours. 

La purification du sucre par cristallisation dans l’alcool dilu£ pr6- 
sentait des difficulty considerables, car il se separait constamment 
k l’etat d’un sirop qui ne cristallisait qu’apres un repos tres prolonge. 
Apres plusieurs cristallisations, j’ai cependant obtenu le /?-d-manno- 
heptose pur sous forme d’agr£gats spheriques, composes de fines 
aiguilles fondant a 140° et tournant, en solution aqueuse & 5°/ 0 , 
[a]2,° = 7‘61°. Cette valeur restait constante meme au bout de 48 heures. 

Les eaux meres de la cristallisation du sucre ont 6t£ utilisees pour 
preparer la p-bromophenylhydrazone de ft-d-mannoheptose. Je l’ai obtenue 
sous forme d’aiguilles jaunatres, tres peu solubles dans 1’eau et dans 
l’alcool a chaud, fusibles entre 191 et 193° avec decomposition. En so¬ 
lution dans la pyridine, 1’hydrazone ne montrait aucun pouvoir rotatoire. 

Analyse: c 1b H 19 O b N 2 Bv: Calcule Br 21 09°/ 0 . 

Trouve Br 21'23 n / 0 . 

Reduction du /?-d-mannoheptose en /S-d-mannoheptite. 

7 gr de /?-d-mannoheptose ont fourni, par le precede courant 
k Pamalgame de sodium, 3 gr environ d’heptite presque pure, fondant 
k 140°. Des cristallisations reiterees dans I’alcool dilue firent monter 
ce point de fusion k 150°. 

De mSme que chez la voiemite (et d’autres sucres) le liquide forme 
par la fusion est impregne de fines bulles de gaz qui s’echappent 
lors du chauffage ulterieur. Suivant la vitesse de ce dernier, le liquide 
devient clair k des temperatures allant de 180 & 210°. C’est ce point 
de clarification que G. Peirce (1. c.) avait faussement pris pour le 
point de fusion du sucre. 
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La /?-<7-mannoheptite pure presente, en solution aqueuse a 3%, 
[a]|, 0 = -f-1'9°; I’addition de borax fait monter le pouvoir rotatoire 
d’une maniere considerable: Une solution 02 gr de substance et de 
0 5 gr de borax dans 7 cc d’eau devie: [a] 2 J — + 24*2\ 

Dans des conditions pareilles, la volemite tourne respectivement 
+ 2-07° et + 22-8°. 

Le melange des deux heptites ne produit aucun abaissement du 
point de fusion. 

L’un et l’autre faits prouvent l’identite de la volemite et de la 
/S-rif-mannoheptite. 

Acetal tri benzoiq u e de la /J-^-mannoheptite. 

Les sirops obtenus lors de la cristallisation de la /M-mannoheptite 
ont ete transformes en acetal benzoique. A cet effet, 4 gr d’heptite 
sirupeuse, dissous dans 6 cc d’aeide sulfurique & 50%, ont ete agites 
avec 6 cc d’aldehyde benzoique. Au bout d’une demi-heure, le melange 
s’est solidifie, apres quoi l’acetal forme a ete essore, lave & Tether, 
puis recristallise dans Talcool. 11 fondait vers 150°. 

La purification du produit est penible, ce qui est probablement 
dfl & la formation, dans les conditions ci-dessus, d’au moins deux 
acetals, dont Tun est ires soluble dans le toluene, 1’autre assez peu. 
La separation de ces acetals entraine des pertes considerables. 

Apres purification, l’acetal bien soluble dans le toluene fondait 
it 210°; il deviait, en solution dans le chloroforme a 1%, [a]^ 0 — — l - 3°, 
en solution dans la pyridine a 1%, — — 42‘8°. Le corps est done 

identique & la tribenzalvoiemite decrit par moi (1. c.). 

En ce qui concerne le deuxieme acetal, difficilement soluble dans 
le toluene, je n’ai pas reussi a le preparer k l’etat tout it fait pur. Le 
produit fondait entre 190 et 195°, deviait, en solution chloroformique 
k l°/o» l a ]u — — 27 - 7°, en solution pyridinique I l°/„, [a]^° — 7260. 

II n’a pas ete analyse. Cependant, du comportement analogue du tri¬ 
acetal de la volemite, pour lequel, ainsi que j’ai signaie plus haut, on a pu 
obtenir deux corps isomeres k proprietes analogues (Tacetal peu so¬ 
luble possede un pouvoir rotatoire bien plus eieve que Tac'etal facile-’ 
ment soluble), on est porte k supposer qu’il s’agit d’un isomere. 

Acetals triacetiques de la volemite. 

Pour trancher les contradictions relatives au point de fusion et au 
pouvoir rotatoire des acetals acetiques respectivement de la volemite et 
de Ta-sedoheptite, j’ai prepare, k partir de 5^r de volemite, son acetal en 
suivant les indications donnees par La Forge pour Ta-sedoheptite. 



5 gr de volemite, en solution dans 10 cc d’acide sulfurique k 50°/ 0 , 
ont et£ agit£s avec 10 gr d'aldehyde antique, puis le tout a £t6 aban- 
donn6 au repos dans une glaciere. Le lendemain, le produit a dto 
essore, lave k lather, recristallis£ dans le benzene. Ainsi purifie, il 
fondait entre 125° et 130°. Par cristailisation dans le benzene, il a pu 
fitre separ<§ en deux fractions. L’une, celle moins soluble, a fini par 
fournir, apres plusieurs recristallisations, un acltal fondant entre 161 
et 162°, deviant, en solution chloroformique k l°/o, Mf, 0 = — 74-3°. 
Cet acetal, je l’avais identify (I. c.) comme £tant un triac€tal. 

L'evaporation des eaux meres benzdniques a donne un deuxieme 
acetal, tres soluble dans le benzene et qui, recristallisd dans I’alcool 
et le toluene, fondait & 201° et d£viait, en solution chloroformique 
& 1%* [°\u — 51 *9°, en solution pyridinique a 1%, [aj™ = — 74 - 4°. 
Cet acetal est evidemment identique a l’acetal ddcrit par Bougault 
et Allard (I. c.) qui donnent comme point de fusion 206° (au bloc 
Maquenne) et comme pouvoir rotatoire en solution chloroformique: 
[a\ L , - — 46-4°. 

Si, pour preparer I'acdtal, on se sert de paraldehyde, il se forme 
surtout I’acetal peu soluble, ce qui explique I’insucces des essais que 
j’ai fait dans le temps. 

Analyse: 

Substance: 0-2245 gr, (J(h 0-4442 gr, 11,0 0-1472 gr. 

LV4A: Calcule C 5376°/ 0 , II 7-64%. 

Trouv6 (7 53-96° /„ , II 7-34%. 

II s’agit done d’un triacetal isomere de celui decrit plus haut. Le 
fait de la formation de deux triacetals ac£tiques et benzoiques ne 
saurait nullement surprendre si on se rend compte du nombre impair 
des oxhydryles dans la molecule de votemite. 

Laboratoire organique VTU Prague-Pohofelec. 

(Tchdcoslovaquie). 
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SUR LA CONFIGURATION DU SEDOHEPTOSE 

par V. ETTEL. 


Dans la note pr£cedente sur la configuration de la volemite, 1 ) j’ai 
demontre que ce sucre-alcool est identique a la /W-mannoheptite 


II II OU Oil OH 

I I I I I 

110 . H a C — (■ — C—(■ — C — C — CHoOlI 

I I I I I 

on on h ii H 

et confirm^ I’opinion de F. B. La Forge et C. S. Hudson 2 ) qu’il 
est, en outre, identique h l’a-s€doheptite prenant naissance, a cote 
de la /?-sedoheptite, dans la reduction du sedoheptose. 

En partant de la supposition que Pa-sedoheptite differe de toutes 
les heptites connues et possede par consequent la seule configu¬ 
ration restant pour une heptite optiquement active, celle d’une allo- 
heptite, La Forge deduisit la configuration des deux sedoheptites 
et essaya, de plus, d’£tablir celle du sedoheptose. 

Suivant La Forge 3 ) l’a-s£doheptite aurait la configuration 


CH./JH 

I 

HO—C—H 

I 

II-C-OU 

I 

H-C-OU ou 

I 

E—C—OIl 

I 

H-C-OH 

I 

ch 2 ou 

d-alloheptite (d-taloheptite) 

et le sedoheptose une des formules 


C1I Z 0H 

I 

H—C—OH 

I 

HO-c—n 

I 

HO—C—H 

1 

IIO—C—H 

I 

HO-O-II 

I 

CHiOH 

/-alloheptite (/-taloheptite) 
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CI1 Z 0H ch<,oh ch 2 oii ch z oh 

I I I I 

CO CO CO CO 

I I I I 

H-C-OH HO-C H 1I0-C-U H-C-OH 

I I I I 

H—C—OH HO-C—II HO-C—H H-C—OH 

till 

II—C—OH 1I0—C-H HO-C—H H—C—OH 

till 

H-C—OH HO—C—H H-C-OH HO-C-H 

I I I I 

CH z OH CH z OU CH Z 01I CH 2 OH 

d-allocetoheptose /-allocetoheptose d-talocetoheptose /-talocetoheptose 

Or, la supposition de La Forge s’est montree erronee, car l’a-sedo- 
heptite est identique a la /W-mannoheptite, et le sedoheptose doit en 
consequence d£river de cette derniere heptite. Cette circonstance fa- 
cilite essentiellement l’etablissement exact de la configuration. 

De la /?-<7-mannoheptite on peut deduire, outre deux aldoses, en 
somme cinq sucres cetoniques, vu qu’en theorie les cinq fonctions 
alcool secondaires peuvent indiffgremment etre transform^es en fonction 
cetone. Chez les cetoses qu’on rencontre dans la nature, la fonction 
cetone se trouve regulierement sur le carbone 2 (2-cetoses), il est 
done tres vraisemblable que le sedoheptose, etant un sucre naturel, 
presentera, lui aussi, sa fonction cetone au carbone 2. 

Toutefois, le sedoheptose different des aldoses et cetoses connus 
en ce qu’ildonne, par chauffage avec les acides etendus, un anhydride 
k caracteres frappants (il ne reduit pas la liqueur cupropotassique, 
n’offre pas le phenomene de la mutarotation, etc.), la possibility qu’il 
constitue un 3-cetose ou un 4-cetose, ne saurait etre exclue & priori. 
Aussi tient-on compte, dans les considerations qui suivent, meme de 
ces eventualites peu probables d’ailleurs. 

De la y?-c7-mannoheptite CU z OH 

HO—C—H 

HO—CI-H 

I 

HO—C—H 

I 

H—C—OH 

I 

H—C—OH 

CH z OH 
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on peut deriver thdoriquement Ies c6toheptoses suivants: 
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Par reduction, chacune de ces heptoses doit conduire it la p-d- 
mannoheptite, ies cetoses 1, II, IV, V doivent en outre donner une 
autre heptife, et cette derniere deciders de la configuration dans ie 
cas qui nous occupe: parmi Ies diverses configurations le sedoheptose 
aura celle qui conduit & la /J-sedoheptite. 

Le cetose I donne, par reduction, la (?-/?-mannoheptite (volemite) 
et la a-<7-mannoheptite (perseite): 


011,011 

I 

II—0-on 

I 

110-0-II 

I 

HO-0—11 

I 

H-0—01I 
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U—G-OH 
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CH 2 OH 
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I 

11 - 0-011 

I 

H-O-Oll 

I 

CII 2 OH 

d- mannocetoheptose 
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I 

110—0—H 

I 

HO—0-11 

I 

HO-O—H 

I 

H—0—011 

I 

ll—C—OH 

I 

OlI 2 01I 
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(volemite) 


il est done identique au d-mannocetoheptose extrait par F. B. La 
Forge 4 ) des fruits de Persea gratissima. La difference de ce dernier 
sucre d’avec le sedoheptose a €t€ demontfee, par cet auteur, d’une 
faqon sfire. 

Les configurations II, ill, IV paraissent peu vraisemblables pour 
un cetose naturel. La configuration II ne convient pas, car un tel 
heptose devrait conduire it une heptite de configuration suivante: 
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CH t OH 

HO-C-H 


H-U-OH 

I 

HO—C—H 

I 

H-C-OH 

I 

H—C—OH 

I 

CH»OH 

/M-glucoheptite 

Or, La Forge (I. c.) a demontrg que la /J-sedoheptite n’est point 
identique 4 la /W-glucoheptite. La configuration II se trouve done 
exclue. 

La formule III n’entre pas davantage en ligne de compte, parce 
que la reduction de l’heptose correspondant ne devrait fournir qu’une 
seule heptite, la /W-mannoheptite. Or, dans la reduction du sedoheptose 
il se forme deux heptites. 

II ne reste done plus qu’a decider entre les configurations IV et V. 
La formule IV reprgsente un cetose* dont la reduction engendrerait, 
outre la /J-rf-mannoheptite, I’alloheptite optiquement active 

CH.OH 

HO-C—H 

I 

H—C—OH 

I 

H—C—OH 

I 

H—C—OH 

I 

H—C—OH 

I 

CH.OH 

tZ-alloheptite 

Cette configuration est, parmi celles des heptites actives, la seule 
qui reste disponible, car toutes les autres appartiennent k des heptites 
d£j& connues. Si done elle 6tait celle de la /9-s6doheptite, ce sucre- 
alcool devrait elre optiquement actif et diffdrer par ces caractires de 
toutes les heptites connues. 
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Mais c'est la configuration V qui est la plus vraisemblable, pafce 
qu’elle r6pond k un 2-c6tose. Un sucre de cette configuration devrait 
fournir, lors de la reduction, k cote de la /?-<f-mannoheptite aussi la 
/H-guloheptite: 


CH 2 0H 

HO—C—H 

I 

HO—C—H 

I 

H—C—OH 

■ I • 

H—C—OH 

I 

H—C—OH 

I 

CH 2 OH 

/J-<J-mannoheptite 


CH 2 OH 

CO 

I 

HO—C—H 

I 

H—C—OH 

I 

H—C—OH 

I 

H—C—OH 

I 

C1L0H 

(i-altrocetohepfose 


CH 2 0H 

H—C—OH 

I 

HO—C—H 

H—C—OH 

\ 

H—C—OH 

i 

H—C—OH 

CH 2 OH 

/?-Z-guloheptite 

(ri-altroheptite) 


L’a-sedoheptite 6tant identique k la /M-mannoheptite, la yS-sedo- 
heptite doit I’fitre k l’une des I-guloheptites, si le s6doheptose possede 
la configuration d’un d-aItroc6toheptose. 

La Forge 6 ) qui avait prepare Tune et 1’autre guloheptite, constata 
que la a-d-guloheptite (1) est identique k la /W-galaheptite (I), d’ou 
il r£sulte pour la /3-d-guIoheptite la configuration II: 


I 


CH 2 0H 

HO—C—H 

I 

H—C—OH 

I 

H—C—OH 

I 

HO—C—H 

H—C—OH 

I 

CH 2 0H 

a-d-guloheptite 

/J-fi-galaheptite 


CH 2 0H 

H-C—OH 

I 

H—C—OH 
H-C-OH II 

I 

HO-C—H 

I 

H—C—OH 

I 

CH 2 0H 

fi-d-g uloheptite 
/-altroheptite 


D’aprfes La Forge, la /S-tf-guloheptite fond entre 128 et 129°, et 
donne un ac€tal benzo’ique fusible k 260°. Malgr€ sa configuration 
asym&rique la ^-guloheptite est optiquement inactive en solution 
aqueuse, tnfime apres addition de borax. 
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Si Ton compare avec cela les donnees trouvees pour la fi-s6do- 
heptite, on constate un accord presque parfait: La /3-s^doheptite fond 
de 127 k 128° et ne devie pas, meme en presence de borax, le plan 
de la lumiere polaris^e, son acetal benzoi'que fond entre 272 et 275°. 
Les proprietes optiques de la /?-s6doheptite et de la /3-guloheptite, 
observes par Wherry, 6 ) parlent dgalement en faveur de l’identite 
des deux sucres, on peut done la considerer comme demontree avec 
certitude. Le fait que le point de fusion de l’acetal benzoi'que de 
la /S-r?-guloheptite a ete trouv6 un peu plus bas, est certainement dO 
I la purification incomplete de cet acetal. 

L’identite eventuelle de la /9-sedoheptite avec la /S-guloheptite a ete 
dej& prise en consideration par La Forge, mais cet auteur rejeta 
cette possibility, parce qu’elle etait en contradiction avec sa supposition 
principale que Pa-s£doheptite etait distincte de toutes les autres heptites 
et que, par consequent, il ne pouvait posseder que la seule configuration 
restant pour une heptite active, celle d’une alloheptite. 

Suivant la nomenclature nouvelle, la /S-guloheptite preparee par 
La Forge appartient a la serie d, tandis que la /?-sedoheptite ap- 
partient a ia serie ?. II s’agit done d’antipodes optiques de configuration 
suivante: 

CB.ori 
I 

H—a—OH 

I 

H—a—OH 

I 

H—a—OH 

I 

HO—a—H 

I 

H—C—OH 

I 

ch 2 oh 

/?-d-guloheptite /?-J-guloheptite 

i'?-sedoheptite 

La /J-sedoheptite constitue done la /3-Z-guloheptite (d-altroheptite) 
dont on connaissait dejl I'antipode. Par Ik se trouve en mSme temps 
exclue la configuration IV peu vraisemblable par elle-m£me et qui 
exige que la /?-sedoheptite soit differente de toutes les autres heptites. 

Les rapports du s6doheptose avec les autres cetoheptoses res- 
sortiront le mieux du tableau que void: 


OH. 2 OH 

HO-C—H 

I 

HQ—C-H 

.. I 

HO—C—H 

I • 

H—C—OH 

I 

HO—C—H 

I 

CH 2 OH 
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CH z OH 

H—C—OH 

I 

IJO—C—H 

I 

IIO—C—H 

I 

H—O—OU 

I 

11 — C—OH 

I 

CIIoOH 

fwZ-mannoheptite 

(«-/-galaheptite) 

persdite 

it 

Oil* OH 

I 

11 — 0—011 

\ 

110 — 0-11 

I 

HO—0—11 

I 

II — C—OH 

I 

00 

I 

OHoOll 
l-g alacetoheptose 
perseulose 

ti 

OlhOH 

. I 

H—C—OH 

I 

HO—0—11 

I 

HO — C—11 

I 

H—C—OH 

HO—O—H 

CH z OH 

/M-gakheptite 

perseulite 

a-Z-guloheptite 


reduction 


oxydation 


oh 2 oii 

00 

I 

110—C—H 

I 

HO—0—11 

I 

11 — C — OH 

I 

11 — O—OH 

I 

011,011 

r/-mannocetoheptose 


reduction 


oxydation 


reduction 


oxydation 


011,011 

I 

00 

I 

HO-O-H 

I 

HO—C—H 

I 

H—C—OH 

I 

HO — C—11 

I 

ch 2 oh 

2-gulocetoheptose 

(inconnue) 


reduction 


oxydation 


CH 2 OH 

I 

HO—0—11 

I 

HO—C—H 

I 

HO—C—1I 

I 

H—C—0I1 

I 

1I—C—0H 

\ 

oh, on 

/>-c/-mannoheptite 

volemite 

ti 

ClhOH 

I 

110— 0— II 

I 

HO—O—H 

I 

110—0—11 

I 

H—C—OH 

00 

I 

ClhOH 
flf-altrocetoheptose 
s^doheptose 
(volemose ?) 

it 

CH 2 OH 

I 

HO—C—H 

I 

HO-C—H 

I 

HO-C-H 

I 

H—C—OH 

I 

HO—C—H 

I 

ch 2 oh 

d-altroheptite 

(/i-Z-guloheptite) 

iS-sedoheptite 
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Resum6: 

La configuration du sedoheptose et des heptites qui s’y rattachent 
est la suivante: Le sedoheptose est un (f-altroc6toheptose, I’a-sedo- 
heptite est identique k la <i-mannoheptite, la /?-s£doheptite it la /3-gulo- 
heptite. 
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POLAROGRAPHIC STUDIES WITH THE DROPPING 
MERCURY KATHODE. - PART XXX. - THE ELECTRO¬ 
REDUCTION AND ESTIMATION OF FRUCTOSE AND 

SORBOSE 


by J. HEYROVSKY and I. SMOl.ER.‘> 


The successful polarographic investigations of M. Shikala 1 ) and 
I. Smoler'-) on the electro-reduction of aldehydes at the dropping 
mercury kathode have induced the present authors to try at the 
dropping mercury kathode the electro-reduction of aldoses, especially 
of glucose. Although some solutions gave polarographic curves 
showing distinct “waves’" due to a reducible substance, the dimens¬ 
ions of the “waves'" indicated that only a small portion of the sugar 
dissolved was electro-reducible. 

It was first thought that in order to make the glucose electro- 
reducible it should be present in a very active condition, which has 
not yet undergone time effects such as “ageing” in solution, shown 
by mutarotation, and thus glucose was investigated in its “nascent 
state” as obtained directly by inversion of saccharose in an acidic 
solution. 

After, a .short time of action of the acid upon the solution of 
saccharose, the polarographic curve of a portion of the solution neu¬ 
tralized by lithium hydroxide showed a distinct “wave” at — T8 v. 
(see Fig. 1) which was entirely absent in the original solution of sac¬ 
charose. The increase of current at — T8 v. was evidently due either 
to the freshly formed glucose or fructose. To decide this a sample 
of very pure fructose has been provided, originating from the labor¬ 
atory of Professor E. VotoCek; a small portion of this, dissolved in 
a dilute solution of lithium chloride, showed a prominent “wave" 
at 1’80 v. on the polarographic curve, whilst a very pure sample 
of glucose, originating from the same laboratory, gave no effect at all 
(see Fig, 2). Moreover, the height of the “waves” on curves due 

*) Published in Czech in No. 20 of the “ CJiemickt•' Lixty" p. 470, 1032, celebrating 
Prof. E. Votofcek’s sixtieth birthday. 
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to the inverted saccharose and to fructose were equal, if the respective 
solutions had equal molarity. This proves that the increase of current 
at —1 - 80 v. is due to the electro-reduction of fructose and that glu¬ 
cose is not reducible even if prepared in “nascent state”. This fact 



Fig. 1. 

Left : lowest curve due to pure 0*02 n. Li C7, middle curve after addition of 2 

upper curve after addition of 4 rrs 1% solution of invert sugar to 10 rrs 
0*02 n. LiCL 

Middle: lower curve due to pure 002 n. LiCl, upper curve after addition of 0*3 or 
10 (, /o solution of invert sugar to 10 cos 0*02 n. Li CL 
Right: lower curve due to pure 0*02 n. LiCl, upper curve after addition of 4 cc 
0*6°/n lyxose solution to 10 ecs 0*02 n. LiCl, 

Curves started at 1*60 v., 1*60 v., 1*40 v.; sensitivity - l U 0 . 



Fig- 2. 

Left: to 10 cm 0*02 n. LiCl added 0*3, 1*0, 2*0 cos V'/ u fructose solution. 
Right: to 10 res 0*02 n. LiCl added 0*3, 10, 2*0 ecs i»/„ glucose solution. 
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is confirmed by the failure to obtain an electro-reduction from the 
products of inversion of maltose, which decomposes giving two mole¬ 
cules of glucose; moreover, pathological urine containing glucose gave 
no current of electro-reduction on the polarographic curve. 

Henceforth the attention of the authors was directed to ketoses. 
Many pure specimens of various sorts of sugars kindly presented 
by Professor Votoiek, were investigated polarographically in order 
to find out if the general rule holds that only a ketose is electro-redu¬ 
cible at the dropping mercury kathode. The result was that indeed 
the only other ketose obtainable, i. e. sorbose, has been found to 
be electro-reducible — again at — 1*80 v. — and that none of the 
following aldoses showed any reduction in the polarographic manner: 
glucose, galactose (see Fig. 3), mannose (see Fig. 4), rhamnose, 7-ara- 
binose, lyxose; moreover, none of the disaccharides — saccharose, 
maltose, lactose — have been found reducible. The third ketose, 
'‘tagatose”, could not be procured owing to its scarcity. 


j 1% t 6 <rt. 
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Fig. 3. 

To 10 0'02 n. l,iCl added : left, l"/. galactose, right l"/„ sorbose solution. 


From the polarograms given in Fig. 1—4, obtained from solutions 
of the same strengths and with the same amounts of various sugars 
added, we are able to observe the purity of aldoses, since small traces 
of ketoses, present as Impurities, produce polarographic “waves” 
at — 1‘80 v. In this respect most impure was lyxose, less arabinose 
and mannose, still less galactose and Merk’s glucose; the rhamnose 
and glucose, which were prepared in the laboratory of Professor 
Voto6ek, were found entirely free from any ketose. 







524 


The authors have tried to find the conditions under which the 
saturation current or “wave”, due to the reduction of ketose, could 
be best developed to allow a precise quantitative measure. An acidic 
solution is unsuitable, since — similarly to the reduction of aldehydes 



F ig. 4. 

To 10 cch 0*02 n. LiCl added: 1% solution of /-arabinose, rhamnose and mannose. 


— acidity removes the “wave” due to the reduction of ketoses (see 
Fig. 5); the curve then shows merely the “wave” due to the evolu¬ 
tion of hydrogen. 



Fig. 5. 

To 1% solution of sorbose added 1, 2, 3 drops and 0'2, O' 3, 0*4 cc of O’! n. HUl. 


In neutral or weakly alkaline solutions containing sodium, potas¬ 
sium or barium the “wave” of ketoses is indistinct owing to the pro- 
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ximity of the deposition potential of these metals to the reduction 
potential of ketoses (at — 180 v.). However, in neutral or alkaline 
solutions of lithium, calcium or strontium the reduction of ketoses 
is distinctly observable by the well developed diffusion current, whose 
heights are exactly measurable. It is noteworthy that an addition of 
salts of the divalent ions of calcium and strontium greatly helps 
the formation of a distinct diffusion current, thus resembling the 
reduction of nitrates and nitrites at the dropping mercury kathode, 
which is effected only in the presence of higher valent kations. 8 ) 

The shift of the reduction potential of fructose with the dilution 
is abnormally large; thus a 001 mol. solution shows the reduction 
potential at — 157 v„ whereas a 0‘001 mol. solutions at — 1’66 v. 
It happens to coincide with the electro-reduction of acetaldehyde. 
In sugar analysis this coincidence does not interfere, as the prepara¬ 
tion of sugars excludes the presence of volatile aldehydes. 

Quantitative determination of fructose and of invert 

sugar. 

Having ascertained that the ketose “wave” increases strictly pro¬ 
portionally to the concentration of added ketose, the quantitative 
estimation of these sugars has been investigated in various ways. 
First the well-known reaction velocity of “inversion of saccharose” 
in acidic medium has been followed. Fig. 6 shows one of the results 
thus obtained. Here a solution of saccharose has been mixed with 
hydrochloric acid in a thermostat at 25'0°C so that the resulting mix¬ 
ture contained 6% saccharose in 01 n. HCl. First instantly after 
mixing and later on at fixed time intervals, always 10 <cs were taken 
out and at once neutralized by 10 ccs of 012 n. LiOll to a slightly 
alkaline reaction; this solution was ten-times diluted and investigated 
polarographically exposed open to the air. 

The first solution thus examined did not cause any “wave” on 
the current-voltage curve; the second, taken after three hours action, 
showed a distinct “wave”, which after longer time intervals grew 
greater and finally reached a limiting value. With greater concentra¬ 
tions of the acid the rate of inversion was naturally increased, so that 
samples could have been taken after a few minutes, showing in¬ 
creasing amounts of the fructose formed. 

The limiting height of the diffusion current denotes the complete 
decomposition of saccharose, and hence also the original amount a, 
of saccharose present; the height x, after a time t, represents then 
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the amount of fructose formed or that of the saccharose decom¬ 
posed. We thus may use the ordinary formula 


K y log 


a 


a — ,r 


to denote the velocity constant of the inversion. K comes out indeed 
constant, e. g. from the values given in Fig. 6 it was 0 03, the time 
being expressed in hours. 



The rate of inversion of a 6% solution of saccharose followed polarographically 
after 0, 3, 6, 24. 30, 06, 120 and 144 hours in 0T n. HCI at 25'0" C. 

The dependence of the velocity constant K, on the concentration 
of hydrions is, however, not the strictly linear proportionality, which 
is known to hold for inversion; the constant has been found to 
increase more than expected from the increase of acidity. This seems 
to be of importance, as the present method of the estimation of 
glucose is a direct one, whereas the polarimetric determination is 
based on the combined effect of optical rotations of three substances, 
two of which undergo mutarotation variable with Pa. The polaro- 
graphic determination of ketoses is, however, quite uninfluenced by 
mutarotation, as the height of their “waves” remains constant whether 
due to a fresh solution or after standing for several hours or days. 
The exact determination of the dependence of the velocity constant 
of inversion on the concentration of hydrions will be investigated 
in a special research. 

Unusual is the great temperature coefficient of the diffusion cur¬ 
rent, i. e. height of the “wave” in the particular case of the electro- 
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reduction of fructose; thus if the temperature rises from 4° to22°C 
the height of the “wave” increases about three times; from 20° to 
40° C it increases about twice. Also this anomalous behaviour re¬ 
quires closer attention, since the increase of saturation currents in 
most reductions is considerably smaller. 

The limit of polarographic determination of ketoses is shown in Fig. 7 
on the practical example of the estimation of invert sugar in saccharose. 
Here to a 10% saccharose solution a 0 2% solution of invert sugar 
was added; the first distinct and measurable “wave” appeared when 
two drops (i. e. 0’1 cc) were added to 10 ccs, the height of the “wave” 
being 2 cms. This solution thus contains 0002% of invert sugar, 
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PiR. 7. 


A 0*2“/ 0 solution of invert sugar added to 10 aw of a 10% solution of saccharose 
in a saturated solution of calcium hydroxide. 

Electrolyzed open to the air. 


which amounts to 0-02% of the saccharose present. The same preci¬ 
sion of measurements could be attained on using 01 cc of the sac¬ 
charose solution. The absolute quantity of invert sugar easily deter¬ 
minable polarographically is thus 0-000002 g or 2 gg. The same 
sensitivity is reached if fructose alone is added to a solution of elec¬ 
trolyte whether containing saccharose or not. The precision of this 
determination is + 10% in most dilute solutions and ± 2% in dilu¬ 
tions above 10 -4 molar. This estimation thus exceeds the usual 
method of reduction of the F e h 1 i n g solution both in sensitivity and 
precision. 

To test the practical applicability of the polarimetric estimation 
of ketoses a solution of honey has been investigated. Fig. 8 shows 
the polarogram thus obtained. Here a 1% solution of honey in water 
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has been added to 0 01 n. LiCl in a beaker open to the air. The 
curve obtained with the pure solution of lithium chloride shows the 
maximum due to atmospheric oxygen, which is suppressed by addi¬ 
tions of the solution of honey in a similar manner in a solution of 
fermented vinegar. 4 ) Simultaneously the curve exhibits the fructose 
“wave’’, the height of which grows proportionally to the amount of 
honey added and corresponds to a content of 40% fructose in honey. 



A I' 1 /,, solution of honey added to 10 m (V01 n. Lid (open to the air). 

which agrees with the percentage usually found by other analytical 
methods. Also this polarographic estimation has the advantage that 
it permits the direct determination of fructose, whereas hitherto 
employed methods are indirect, based on the gravimetric determination 
of glucose and polarimetric determination of all the optically active 
substances in honey. 

Theoretical discussion. 

As mentioned above, the present authors expected the possibility 
of electro-reduction of aldoses rather than of ketoses, as simple 
aldehydes all are very readily electro-reduced, whereas simple ke¬ 
tones are not. 

The cause of the changed reducibility in aldoses and ketoses is 
to be sought in the influence of the proximity of the hydroxylic 
groups and the tendency to ring-formed linkage of the aldo- or 
ketonic oxygen atom. Now the interesting question arises to find 
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in which member of the simplest carbohydrates will ketoses appear 
better reducible than aldoses. The compounds to be examined are 
thus: the aldo-biose (glycol-aldehyde), aldo-triose (glycerin-aldehyde), 
keto-triose (di-hydroxy-acetone), aldo-tetrose (erythrose) and keto- 
tetrose (erythrulose). A preliminary examination has shown that ketonic 
derivatives, viz. the lactone of 5-keto-rhamnonic acid and the 6-keto- 
rhamno-hexonic acid are also easily reducible at the dropping mer¬ 
cury kathode, around — l - 80 v. 

The nature of the reduction product of ketoses is of no less 
interest. In the polarographic reduction we are usually able to deduce 
how many faradays of electricity per mole of the reducible substance 
is consumed, this judging from the height of the diffusion current. 
Yet in the present case the great variation of this height with tem¬ 
perature does not allow an exact determination of the number 
of electrons required per molecule of the ketose. Measurements at 
various temperatures have shown that the saturation current due to 
a solution of fructose of equal molarity to a solution of barium 
chloride is at 4° C equal to about one quarter of that due to the 
deposition of barium, at 20° C to about one half of it and at 40" C 
almost equal to it. 

Thus the ketonic group appears to take up 2 electrons at high 
temperature, the reduction at ordinary room temperature being in¬ 
complete. The view suggests itself — in accordance with the modern 
aspect on the configuration of hexoses") — that the ketose is present 
in the solution in two tautomeric forms, one of which is easily 
electro-reducible, whilst the other is not. Elevation of temperature 
seems to favour the formation of the reducible tautomer in the way 
that either its concentration prevails or that the equilibrium is more 
quickly restored, if some portion of the reducible tautomer is removed 
by the kathodic reduction process. If two electrons are consumed 
per molecule of ketose, the respective alcohol must ensue. 

The present authors hope to be able to investigate the above 
mentioned problems more fully in a not distant future. 

Best thanks of the authors are due to Professor E. Votofcek 
and Dr. R. Luke§ for their very kind presentation of several rare 
specimens of sugar. 

Received Aug. 28th, 1932. 
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Summary. 

It has been found that ketoses, fructose and sorbose, are reduced 
from neutral or weakly alkaline solutions at the dropping mercury 
kathode at the potential — 180 v. (from the n.-calomel zero). 

The saturation current due to this electro-reduction is strictly pro¬ 
portional to the concentration of ketose. The aldoses: glucose, mannose, 
rhamnose, 7-arabinose, lyxose, and disaccharides: saccharose, maltose 
and lactose are not reducible and their presence has no influence on 
the reduction of ketoses. 

Thus fructose, invert sugar and sorbose are polarographically 
determinable, the limit of sensitivity being 0 , 002% in solution and 
the precision +2% in concentrations above 10 4 molar, + 10° „ in 
the greatest dilutions; the volume of the solution sufficient for this 
estimation is 0’1 cc. 

The velocity of the inversion of saccharose has thus been followed 
quantitatively and the amount of fructose in honey is estimated directly. 

The large temperature coefficient of the diffusion current due to 
the reduction of ketoses indicates that they are present in two tauto¬ 
meric forms, of which one is electro-reducible. 
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SUR LES PHENOLS CRIST ALLIS ABLES DES GOUDRONS 

DE LIGNITE 

par FERDINAND SCHULZ et JEAN 1WJNET. 

Comme oxyphenols cristallisables existant dans les goudrons 
de lignite, on n'avait jusqu’ici constate la presence que de la pyro- 
catechine, obtenue par Rosenthal 1 ) des eaux de distillation de la 
houille a cire de Saxe en proportions notables. 

E. Bernstein'-) a trouve egalement la pyrocatechine dans les 
goudrons provenant de la distillation a basse temperature des houilles 
de Sitesie et de Rhenanie. 

Les observations de Bornstein ont ete confirmes par W. GI u u d 
et P. Brenner 8 ) qui ont trouve ce phenol dans les goudrons de 
diverses varietes de charbons. 

E. Graefe 1 ) remarque que la pyrocatechine obtenue des eaux 
de distillation des lignites n’est pas pure et qu’elle contient vraisem- 
blablement d’autres oxyphenols provenant des homologues du benzene. 
II n’apporte toutefois aucun fait experimental a I’appui de son assertion. 

I. Morgan et M. Meighan 4 ) se basant sur les reactions colo- 
rees obtenues avec le sodium metallique se rangent & cette maniere 
de voir et emettent nteme l’opinion que les fractions les plus elevees 
des goudrons de basse temperature contiennent les deux naphtols. 

En 1923 Fischer, Schrader et Jaeger 5 ) ayant remarqu£ que 
les eaux de lavage des goudrons avaient un pouvoir reducteur supe- 
rieur a celui que devrait leur conferer la presence de la pyrocatechine 
seule, chercherent a isoler d'autres composes pftenoliques dont its 
souptjonnaient la presence. 

Comme Bornstein, Fischer reussit a isoler et identifier par preci¬ 
pitation a 1’acetate de plomb la pyrocatechine, mais il ne reussit pas 
a extraire du magmat huileux demeurant et doue d’un fort pouvoir 
reducteur d’autres cristaux. 

Dans le travail qui suit, on s’est propose de rechercher si les 
goudrons de lignite contiennent d’autres phenols cristallisables, en 
particulier les homologues de la pyrocatechine. 
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Extraction des phenols cristallisables des goudrons 

de lignite. 

Au cours d’essais preliminaires on a constat6 que les phenols 
cristallisables bouillant plus haut que la pyrocatechine ne peuvent 
etre prepares a partir des goudrons de lignite, qu'en observant 
des conditions bien determinees. En particular il semble indispen¬ 
sable d’extraire les phenols de Phuile de goudron avec de I’eau 
distillee et non avec de la soude; egalement de separer les phenols, 
entraines par I’eau de lavage, en deux fractions correspondant 
a divers degr6s de solubilite du pr6cipit6 qu’ils donnent avec 
Pacetaie de plomb. Si l’on n’observe pas ces conditions, on ne 
peut pas amener a cristalliser les fractions que I’on a recueillies, les 
autres phenols inconnus empechant la cristallisation. 

II est donn6 ci-dessous le detail du proced6 a Paide duquel on 
est arrive a un resultat favorable et ceci nullement dans tous les cas, 
car au cours de nombreux essais on a obtenu uniquement des cris- 
taux de pyrocatechine, les eaux-mere d’ou ceux-ci etaient issus 
refusant d’abandonner de nouvelles fractions cristallisees. 

Cette observation pourrait expliquer pourquoi les phenols que 
nous avons extrait des goudrons en quantites notables n’avaient pas 
ete trouves precedemment par d’autres auteurs. 

Au cours de ces essais il a ete fait usage d’huiles de goudrons 
de lignite provenant de la distillerie de goudrons a Teplice et pro- 
venant de la distillation en gazogenes du lignite extrait de la mine 
Charles a Cukmantel. 

Cette huile a ete redistillee au laboratoire ei on a recueilli seule- 
ment les fractions passant entre 200" et 300° C. 900 cc de cette huile 
ont 6te brasses quatre fois, chaque fois avec 900 cc d’eau distillee 
adduce d’acide acetique. L’extrait aqueux a de filtre, on a obtenu 
ainsi 3600 cc d’eaux de lavage, claire et de couleur rougeMre. 

Les eaux de lavage ainsi obtenues ont ete additionnees d’une 
solution concentre d’acdate de plomb aussi longtemps qu’un preci¬ 
pe s’est produit. Le pr6cipite lourd, granule, a de essore avec un 
entonnoir de Buchner, Iav6 k d’eau, decompose par I’acide chlor- 
hydrique, debarrass^ par filtration du chlorure de plomb. On a obtenu 
900 cc d’une eau rougeatre, qui a 616 satur6e avec du sel gemme et 
epuis6e de maniere r6p6tee a l’ether. 

Apres avoir chass6 I’ether par distillation on a obtenu 30 gr d’un 
liquide 6pais, rouge, qui a 6te distill6. 

II est pass6 k la distillation jusqu’a 60° C: 2 gr d’eau et d’6ther, 
le thermometre s’eleve ensuite rapidement k 249° C et jusqu’fk 260° C 
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il passe 23 gr. Le refrigerant a ete alors purge des premieres fractions 
residuelies avant de poursuivre la distillation. On a regu de 256—260° C: 
2 gr, apres quoi le residu s’est decompose. II est reste 1 gr de brai. 

La fraction distillant entre 249° et 260° C, designee ci-dessous 
sous le nom de fraction I s’est prise en tine masse de cristaux. La 
fraction de 255—260° C n’a abandonne, qu’apres un temps assez 
long, seulement une petite fraction des cristaux. 

Le filtrat issu du traitement a 1’acetate de plomb des eaux de lavage 
de l’huile (3600 cc), d’un jaune pale, s’est colore rapidement a 1'air. 
II a ete distille dans un grand ballon au bain de graphite. II est 
d’abord passe une emulsion laiteuse, puis de l’eau pure. On a distille 
jusqu’a obtention d’un residu de 100 cc. Le distillat (3300cc) clair, jaune 
pale a ete sature de sel gemme et extrait quatre fois a I’ether. L’extrait 
a 1’ether (3 litres) a ete distille. II est demeure 28 gr d'une huile noire 
qui a ete redistillee dans un petit ballon. On a obtenu: 

jusqu’a 190° C 10 0 gr d’eau et d’ether 
190°—250° C 15 5 gr 

residu V0 gr d’huile epaisse 

pertes V5 gr 

28-0 gr 

La fraction passant entre 190° et 250° C a ete redistillee dans 
5 fractions, qui etaient constituees par une huile jaunatre qui ne 
cristallisait pas au froid meme apres un temps tres long (fraction II). 

II 6tait reste apres distillation du filtrat des eaux de lavage ayant 
ete traitees & 1’acetate de plomb, un residu de 100 cc liquide noir 
melange a un precipite. Ce residu a ete decompose par 1’acide chlor- 
hydrique et debarrasse du chlorure de plomb forme, sature de sel 
gemme et extrait cl l’ether. 

L’extrait a l’ether a ete distille au bain-marie et le residu distille 
dans un petit ballon jusqu’a 150°. 

II est passe 11 gr d’eau et d’acide acetique et l'huile noire resi- 
duaire, (46 gr) s’est solidifiee dans le dessiccateur en une masse de 
cristaux (fraction HI). 

La cristallisation des phenols. 

Fraction /. La fraction l comprenait les phenols pr6cipit6s directe- 
ment des eaux de lavage de l’huile de goudron par 1’acetate de plomb, 
notamment la partie distillant de 249—260° et qui pesait 23 gr. Pendant 
la nuit l’huile s’etait solidifiee ft 8° C en une masse blanche cristalline 
qui a ete energiquement pressee dans du papier buvard. II est de- 
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meure 20*5 gr d’une masse iegerement rouge d’un point de fusion de 42°, 
qui a ete distillee dans un petit ballon. Cette distillation a donne: 


k 253° 
253—256" 

256— 257" 

257— 259° 
259—263" 

residu 


quelques gouttes 

4 gr 

5 gr 
A gr 
5 gr 
2 gr 

20 gr 


Les trois premieres fractions se sont solidifiees entierement pen¬ 
dant la nuit, la quatrieme fraction apres 48 heures. Le rtsidu donnait 
apres quelques jours un magmat de cristaux qui, essore sur une 
assiette poreuse, livrait VO gr d'une poudre grise. 

Toutes ces fractions ont donne une coloration bleu vif tres nette 
avec Poxalate ferrique ; avec l’ammoniaque une coloration jaune, puis 
rouge; toutes ces fractions etaient nettement cristallisees, mais offraient 
une consistance cireuse analogue a celle de la paraffine ou de la 
sttarine. Leur fusion a lieu lentement, en deux stades, une partie 
fondant d’abord et laissant une ossature qui fond k une temperature 
beaucoup plus elevee. Les points de fusion extremes sont: 


fraction 253—256" 

59° C 

256-257" 

46° C 

257-259° 

46" C 

259—263° 

40° C 

rtsidu 

45" C 


Fraction III. Cette fraction, abandonnee dans un dessiccateur pen¬ 
dant trois jours, formait un brai noir epais qui a ttt essort au filtre 
presse et lave au benzol; les cristaux residuaires ont ttt etendus 
sur une plaque poreuse. II est restt une masse brune friable (10 gr), 
qui comprimee dans du papier buvard a livre 3 gr. 

Le filtrat des cristaux a €te transvase a l’aide de benzine dans un 
petit ballon et distill^. II est passd jusqu’a 260° C 14 gr, 260—283° 11 gr. 
La fraction passee avant 260" a'cristallis^ immediatement, la fraction 
260—283° 6tait constitute par une huile jaune epaisse qui ne cristalli- 
sait pas meme apres plusieurs mois. 

Les cristaux ont tte recristallists dans 50 cc d’ether avec une 
petite quantite de carboraffine. On a requ 7 - 08 gr de cristaux biancs 
d’un point de fusion 104°. Ceux-ci reconnus ulttrieurement pour 
de la pyrocatechine pure ont ete obtenus avec un rendement de 0*9% 
calcule sur I'huile traitee. 
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Recristallisation des phenols inconnus. 

Les phenols inconnus recristallises, designgs ci-dessus comme 
fraction I, donnaient les reactions colorees de la pyrocatechine et de 
ses homologues. Avec le chlorure de fer la solution aqueuse de ces 
phenols donnait une coloration vert emeraude, bleue avec I’oxalate 
ferrique, rouge avec le molybdate d’ammonium. Avec I’acetate de 
plomb on obtenait un precipite volumineux, de m6me avec le chlorure 
de calcium ammoniacal. 

On a tache d'isoler par cristallisation fractionnee I'un des homo¬ 
logues de la pyrocatechine. On a cherche a cet effet un solvant ap- 
proprie. Les essais ont ete effectues dans ce but avec cristallisation 
dans l'eau, dans le benzene, dans la benzine, dans un melange de 
benzene et de benzine, dans Pettier, dans un melange d’ether et de 
mdthylcyclohexane, dans 1'acetate d’ethyle. 

Au cours de ces essais de cristallisation on n'a pas trouve de 
solvant approprie. Dans lean, le methylaicool, lather, le benzene, 
1’acetate d’ethyle, la substance est tres soluble. Apres concentration des 
solutions, celles-ci se sont solidifiees entierement, ou ont abandonne 
des depots blancs de forme arborescente constituant des reseaux 
dans le liquide. Dans la benzine et le methylcyclohexane la sub¬ 
stance est tres peu soluble meme a la chaleur, apres le refroidis- 
sement il se produit des gouttes qui ne se solidifient pas. Dans un 
melange de benzene et de cyclohexane on a, apres refroidissement, 
separation de petites gouttelettes de sirop epais qui se solidifient en 
forme de globules. 

Dans cette faqon de se comporter la substance se differencie 
beaucoup de la pyrocatechine qui cristallise aisement, non seulement 
dans les solvants signales ci-dessus, mais meme des diverses fractions 
phenoliques brutes, tres nettement en cristaux individuels. 

Au cours de la recristallisation fotale on a employe les divers 
solvants indiques ci-dessous: 


Poids 
de la 
fraction 

Fraction 

Point 

de 

fusion 

Solvant 

employe 

Cristaux 

obtemis 

Point 

de 

fusion 

Produit 

5 gr 

259—263° 

40° 

eau 

1-6 gr 

52° 

(«) 

3-6 gr 

257-259° 

46° 

acetate dethyle 

1-4 gr 

52° 

W 

4-7 gr 

256—257" 

46° 

ether 

0‘6 gr 

62° 

(c) 




£ther 

0*9 gr 

58° 

(d) 




ether 

0-2 gr 

54° 

(o) 




£ther 

0’4 gr 

54° 

(/) 

4 gr 

253—256° 

59° 

presses dans papier 

2 9 gr 


(.?) 
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Les fractions (a) (A) (/') rassemblees (4 gr) ont 6te mises & cris- 
talliser dans le benzene; les cristaux qui se sont separ^s ont 4t£ 
remis a cristalliser dans ie benzene. La solution finale incolore 
a donne: 

16 gr de cristaux d’un pt. de fusion 61—62° (A) 

W gr de cristaux d’un pt. de fusion 58 -59° (i) 

Les fractions de cristaux (;/) (r) (ri) rassemblees (4*4 gr) recristal- 
lisees dans le benz&ne donnent 2 9 gr de cristaux d’un pt. de fusion 
62—64° (A) et 03 gr de cristaux d’un pt. de fus. 60° (<•). 

Les fractions (A) (/) (/) rassemblees (3 gr) et recristallis^es d’abord 
dans du methylalcool, puis dans un melange de benzene et de 
methylcyclohexane donnent: 21 gr de cristaux d’un pt. de fusion 
61° tres precis (»»). 

Comme on le voit par les tableaux ci-dessus les cristallisations 
des diverses fractions dans les divers solvants ont men6 toujours 
a une fraction d’un pt. de fusion 62° C, d’ou pouvait naitre Phypo- 
these qu'on avait a faire peut-etre deja a une substance relativement 
pure. Pour pouvoir en juger on a effectue avec cette substance une 
distillation fractionnee. 


Distillation fractionnee des fractions finales 
de cristall isation. 


Les deux fractions finales de cristallisation: (A) pt. de fus. 62—64° 
et (m) pt. de fus. 61°, prises ensemble t5 gr) ont 6te distilI6es sous 
la pression de 740 mm. La pyrocatechine pure distillee avec le me me 
appareillage passait entre 246-5 et 248°. 

Cette distillation a donne le resultat suivant: 


Commencement de dist. 251'6° 
jusqu’a 2520° 

1. fraction 252—254° 

2. » 254-257° 

3. > 257—259° 


quelques gouttes 
1-9 gr 
2 0 gr 
06 gr 


pt. de fusion 
77° 

59 —59*5° 
54-5- 56° 


Le produit final de cristallisation d’un point de fusion 62—64° 
n'etait done pas une substance pure mais un melange passant entre 
252 et 259° C. 


Analyses 6l6menta ires. 

Fraction IH: point de fusion 104° C. 

Substance: 0*2008 gr, C0 2 0-4810 gr, H«0 0-0998 gr. 
CMA• Calculi C 65-4%, II 5-5%. 

Trouv£ C 65-3°/ 0 , 7/5-5%. 



537 


Fraction 254 —257" C: point de fusion 59 

-59-5° C. 

Substance: 02076 gr, (’O i 0'5090 gr, 

11,0 0-1071 gr. 

01952 gr, “ 0 4754 gr. 

0-1050 gr. 

0-1937 gr, 0 4732 gr. 

0-1040 gr. 

(\H 6 0,: Calcule: C 65-4"/ 0 , 

II 5-5%. 

C-H^O, : 67-7°/,,, 

65%. 

Trou ve: C 66'9%, 

11 5-7%. 

66-5"/,,, 

6-0%. 

66-8%, 

6-0%. 


L’analyse 61ementaire de celte fraction ne correspond done pas 
a un dioxybenzene defini, mais a un melange d’un dioxybenzene 
et de ses liomologues. 


R e s u m e. 

Les auteurs ont s£pare de I'huile de goudron de lignite en quan¬ 
tity notable (environ 3%) de phenols cristallisables qui, d apres les 
reactions et Tanalyse elementaire, sont constitues par un melange 
d’homologues de la pyrocatechine. 


Institut des combustibles 
a Vticole Polytcchnique tcheque de Prague 
(Tchecoslo vaquie ). 
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PREPARATION DU 3-£THYLOCTAD£CANE 

par S. LANDA et V. SUVA. 

Le present travail est la suite des etudes sur les paraffines sup£rieures 
a chaine ramifiee abordees II y a quelque temps par I’un de nous. 1 ) 

Le mode de preparation du 3-ethylodadecane est analogue k celui 
utilise pour les hydrocarbures decrits anterieurement. Le diethylpenta- 
decylcarbinol, fournissant Polefine correspondante par depart d’eau, 
a deja ete obtenu, par Hugh Ryan et Thomas Dillon, 3 ) & partir 
du palmitate d’ethyle et I’iodure d’ethylmagnesium. Nous l’avons 
prepare par la meme reaction avec cette difference que nous nous 
sommes servis du bromure a la place de I’iodure trop cofiteux. 

Pour 1 mol. gr de palmitate d’ethyle on a opere avec 68 gr de 
magnesium (au lieu des 48 - 6 gr theoriques) et un exces de 50"/ 0 de 
bromure d’ethyle (327 gr). Le produit reactionnel a ete decompose par 
de Peau, puis acidule au moyen d’acide sulfurique dilue (1:5). 0'7% 
seulement d’ether-sel initial ont echappe & la reaction, le rendement 
atteignait presque 99% du rendement calculi. D6barrasse de I’ether, 
le produit fondait a 30°, apres cristallisation dans I’alcool, k 34°. 

Preparation de I’urethane: Le 3-ethyloctadecanol-3 sec (debarrasse 
de Phumidite par chauffage modern dans un courant d’air complete- 
ment desseche) a ete additionne d’isocyanate de phenyle, puis aban- 
donne, k I’abri de Phumidite, pendant deux jours a la temperature du 
laboratoire. Les cristaux separes ont ete essores, laves au benzene, 
puis recristallises dans I’alcool chaud, qui dissout aisement I’urethane 
tandis qu’il laisse non dissous le produit secondaire de la reaction, 
Puree diphenyiee. Quelques recristallisations suffisent pour obtenir 
Purethane pure, au point de fusion constant de 55°. La diphenylur6e 
ne doit pas sa formation 4 Phumidite, ainsi que nous Pavions suppose 
d’abord; en effet, elle apparait m£me dans le cas oil les deux corps 
reagissant sont tout k fait secs. (I faut done admettre que Peau ne- 
cessaire a la formation de la dite ur6e suivant le schema 
2 C\U & NCO + H. 2 0 -- {L\H,NH) 2 CO + C0 2 
provient de Paction deshydratante de Pisocyanure de pheriyle sur 
Palcool tertiaire present. 
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En effet, nous avons pu observer un engagement d’acide carbonique. 

Nous avons constate, en outre, que la formation de 1’urethane 
cede & celle dela diph6nyluree k mesure que la chatne laterale de 1’alcool 
tertiaire se prolonge. Ahtsi, avec le 5-buty!-eicosanol-5 le rendement 
en diphenylur^e est si preponderant qu’il nous a fait croire d’abord 
£ I’absence totale de Purethane. 

3-Ethyloctadecene-2. 

La deshydratation de I’ethyloctadecanol en ethyloctadecene ne 
s’accomplit pas si faciiement que celle du 2-methylheptadecanol-2 par 
exemple. Le depart d’eau a lieu il est vrai deja lors de la distillation 
dans le vide, mais il reste incomplet m£me apres des distillations 
repetees. 

Sous une pression de 210 mm de mercure, la distillation accom- 
pagnee du depart d’eau, a lieu vers 275". Une deshydratation com¬ 
plete ne s’obtient pas mfime en distillant <1 la pression atmospherique. 

Le degre de deshydratation a ete poursuivi par des dosages de Oil 


d’apres le proc£de Cerevitinov, 

Voici I’allure observee: 

Au bout de 

2h .‘/a, a 240°, 

21% d’alcool ont ete deshydrates 

•■i* .if 

5 h. */a» a 260/270", 

23 °/ 0 » » » » 

» ;• ;> 

8 h. a 280", 

30%, » * - 

S | » 

13 h. V 3 , a 280°, 

33% » » » 


Lorsque des parties egales d’ethylocladecanol et de chlorure de 
zinc anhydre sont maintenues entre 115 et 125°, la deshydratation de 
I’alcool atteint plus de 97%. L’alcool residue! a ete ecarte par une 
distillation avec du sodium (1 gr de sodium pour40^rde produit brut). 

Ces operations ont donne l’oieffne a I’etat d*un liquide tout a fait 

incolore, distillant entre 199 et 202° sous une pression de 10 mm de 

mercure. 

Analyse elementaire: 

Substance: 01758 gr, (V 2 0 - 5520 gr, UM 02231 gr. 

C i0 H in : Calcuie C 85*62%, H 14-38%. 

Trouve C 85-63%, H 14-10%. 

Indice d'iode d’aprfes H a n u § : 

C ao lI M : Calcuie 95‘9. 

Trouve 90-56. 

Indice de refraction: 

»’ 2 ' 4 — 1*45357, nf 4 145585, h'* 4 = 1'46234, 1-46748. 
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Refraction moldculaire et dispersion: 




»„■. 

w >- « 

Trouve 

93746 94154 

1-560 

2-470. 

Calcuie 

93640 94089 

1-548 

2-484. 

Poids specifiques et viscosites absolues: 


Temperature : Poids specifique: 

Viscosite absolue: 

0° 

0-8181 

0-10540 gr, cm 

', sec 

10" 

0-8106 

0 07308 

V 

20" 

0-8040 

005324 


30° 

07973 

0-03992 


40° 

0-7906 

003105 

» 

50° 

0-7844 

0-02535 


60° 

0-7777 

002035 


70° 

0-7710 

001730 


80° 

0-7640 

0-01475 

% 

90° 

07575 

001263 


99° 

07517 

001095 

» 


L’ethyloctadecene donne avec I’acetate mercurique un compose 
d’addition. Voici sa preparation: 

L’acetate mercurique est dissous dans I’alcool methylique et la 
solution assez diluee est additionn^e goutte it goutte d’ethyloctadecene. 
Dans le cas ou I’oiefine n’entre pas en solution, on augmente la dose 
d’alcool methylique. Apres un repos de deux jours, le compose 
additionnel se depose sous forme de fines fibres. 

Position de la liaison ethylenique: 

Elle a ete etablie par oxydation au permanganate en milieu alcalin. 
La deshydratation du 3-ethyl-octadecanol-3 pourrait donner naissance 
au 3-£thyl-octad6cene-3, ou au 3-ethyloctadecene-2, ou encore & un 
melange des deux. 

Les acides formes ne permettent pas de conclure k la presence 
de telle ou telle olefine isomere, car les acides acetique et propionique 
peuvent se former a partir de Tune et de I’autre. L’acide palmitique 
ne saurait prendre naissance qu’& partir d’une olefine presentant la 
double liaison en 2, mais a cdte de cet acide il peut se produire, en 
m6me temps, encore de l’acide pentadecylique. Or, leur separation, 
lorsqu’on ne dispose que de faibles quantity de substance, est pres- 
que impossible, et la preuve ne serait d’ailleurs pas trop convaincante. 
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Pour toutes ces raisons nous etions reduits a I’etude des clones 
formEes. L’isomere prEsentant la liaison EthylEnique en 3 laisse prE- 
voir la formation de la diEthylcEtone, I'aulre isomere prevoit I’obtention 
de I’ethylpenfadEcylcetone. 

10 gr d’olEfine ont EtE agitEs avec une solution de permanganate, 
saturEe & froid, aussi longtemps que i’oxydant se decolorait, apres 
quoi le bioxyde de manganese a EtE elimine par filtration. Dans le 
filtrat, il a ete impossible de constater la presence de la diEthylcEtone. 
Par des procEdEs courants on a pu etablir celle des acides acetique 
et propionique. Les acides superieurs paraissaient etre formes par un 
melange d’acides palmitique et pentadecylique. 

Le sel d’argent obtenu a partir de ce melange renfermait 30*50% 
d'argent: 

Un sel (demande thEoriquement 30*90% d’argent. 
r X(i n' n o'.Af, » 29*71% 4 . 

Le bioxyde de manganese hydrate a ete sechE, puis epuise a I’ether. 
Le produit extrait (6 8 gr) n’etait pas de nature acide, fondait d’abord 
& 40° et, apres quatre cristallisations dans i’alcool, constamment a 49°, 
ce qui est le point de fusion de Pethylpentadecylcetone. 

L’oxime prEparEe de la maniere habituelle (avecdu sulfate d’hydroxyl- 
amine et de la potasse carbonalee, en milieu alcoolique) avait le point 
de fusion de 43 a 43". 

3-Ethyloctadecane. 

110 gr de 3 EthyloctadEcane auxquels on avait ajoute du nickel 
reduit (obtenu a partir de 5 gr de carbonate de nickel) ont EtE trails 
dans une autoclave rotatoire avec de I’hydrogene, a 145° et sous une 
pression initiate de 120 atmospheres. La fixation d’hydrogene n’a pas 
exigE plus de 15 minutes. Apres Elimination du nickel par filtration, 
le produit d’hydrogEnation a etE distille sous 12 nun de mercure. 

Analyse elementaire: 

Substance: 0*2076 gr, (JO., 0 6483 gr, H.,0 0*2794 gr. 
r., n H i2 : CalculE V 85*01%, 11 14*99%. 

Trouve C 85* 16%, H 14*99%. 

Le 3-EthyloctadEcane est un liquide incolore, inodore, se solidifiant 
k — 3°, bouillant a 202° sous 12 mm de mercure, k 204° sous 15 mm 
de mercure, & 341° sous la pression atmosphErique. 

Indice de rEfraction: 

»>o*6 1-44559, - 1*4476, nf b 1*45399, nf b - 1*45777. 
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Refraction mol£culaire: 



K 


V- “r- 

Trouv6 

93*87 

94-24 

9528 

9609. 

Calcule 

94-13 

94-56 

95-59 

96-45. 


Poids sp£cifiques et viscosites absoiues: 


Temperature: 

Poids specifique: 

Viscosite absolue 

0° 

0-8091 

0-11548 gr,cm \ \ 

10° 

0 8018 

007884 

20° 

0-7951 

0 05607 

30° 

07886 

004165 

40° 

0-7817 

003200 

50° 

0-7750 

0-02541 

60 ft 

0-7684 

002085 

70° 

0-7617 

001748 

80° 

0-7553 

0-01477 

90° 

0-7487 

0-01256 

99° 

0 7428 

0-011013 » 


La chaleur de combustion k volume constant est de 11.352 calories, 
d ou Ton calcule pour la chaleur de combustion moleculaire & vo¬ 
lume constant: 3205’1 calories. 


Institut des combustibles 
a l Ecole Polytechnique tcheque de Prague 
(Tthecoslovaquie). 

Bibliographic: 

■) Collection U. (1930) p. 520; Collection 1U. (1931) p. 367. 

2 ) Chemisches Zentralblatt 1913 II. p. 2049. 



ERRATA. 


In the communication of 

B. Stehlik: Volumetric estimation of molybdenum by potentio- 
metric oxidation (p. 418, No. Q—10). 

p. 421, 19th line from below instead of sexivalent read tervalent. 



NEW BOOKS, 


Prof. Dr. J. Krepelka: AnorganickA chemie (Inorganic chemistry) 
being a course of lectures given at the Faculty of Science for students of Che¬ 
mistry and Pharmacy. For the publication arranged by Dr. F. To til. Edited by 
the “Spolek Csl. Farmaceutu” (Society of Czechoslovak Pharmacists). Printed by 
Melantrich, Praha, 1932, pp. 407, with 6 Figs. Price 98 Kc. 

Czech students of chemistry were long in want of a concise textbook of in¬ 
organic chemistry of an extent which would allow them to memorize the chief 
topics without overburdening themselves for their “Intermediate Science Examin¬ 
ation^. This gap is well filled with the book of Dr. Krepelka who is the re¬ 
nowned “atomic weight man” of the Charles University, Prague. Hitherto the only 
source of chemical knowledge written in Czech has been Professor Votofcek’s 
copious volume, which — excellent as it is — would mean too much stress on 
a freshman’s brain. 

Prof. K repel ka’s textbook contains all the necessary data carefully selected 
to enable a student after his preliminary learning of chemistry to systematize his 
knowledge and step forward to grasp the scientific foundations of his discipline. 

The author is thus able to discuss the elements in the strict order of their 
groups in the “Natural” i. e. Mendeleev’s Periodic System. In this rigorously 
consequent treatment the author appears as a devoted disciple to the ideas of the 
Slav genius Mendeleev, propagated most intensely in this University through 
Mendeleev’s intimate friend and Krepelka’s predecessor, Professor B. Brau- 
ner. Yet the book bears signs of still another tradition, viz. in the frequent quo¬ 
tations of Abegg’s fascinating ideas of “electro-affinity”, which are, however, 
put on modem footing in the General Part given as the introductory to the 
Systematic Part 

The introduction, which covers one fifth of the book, will be read ~ no 
doubt — with the greatest interest for its variability of physical and physico¬ 
chemical subjects, amongst which problems of atomic and molecular electronic 
structures, discussions of the nature of electro-affinity and their bearing to the 
chemical affinity are the most attractive. Here the remarkable views, but never 
to be found in textbooks, of N. N.* Beketov on the stability of inorganic com¬ 
pounds are justly emphasized. 

The writer of this review would, finally, allow himself to suggest, that the 
monatomicity test Cp/(.'» — which is but briefly mentioned in the last pages — 
be incorporated in the next edition’s General Part, to substitute there other topics 
of less importance for chemists, e. g. Kirchhoff’s law of emission and absorp¬ 
tion, for which applications are not given. J. Heyrov$f$. 
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Conductivity measurements 57, 480 
Copper, detection of in thallium salts 
148 

Crotonic aldehyde 35 
Current-voltage curves 176, 319, 335, 
444, 480, 492 

“Czecho-Polish dictionary of chemistry 
(& related subjects)” E. Votocek 375 
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Decipium 49 

Diamide of ^-ethoxyethylj-propyl-ether- 
3'. 3'-dicarbonic acid 260, 268 
y-Diacetones 183 

1.5- Dibromopentane-3-carbonic acid 259, 
263, 264, 265 

1.5- Dichloropentane-3-carbonic acid 260, 
266 

Diethy 1-pentadecyl carbinol 538 
Diffusion potentials 129, 165 

2.6- Dimethyl«7-acetamido-naphthaiene 
28 

2.6- Dimethyl-4racetamino-naphthalene 
31 

2.6- Dimethyl-l-acetamino-4-nitro- 
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2.6- Dimethyl-4-aminonaphthalene 31 

2. 6- Dimethyl-7-aminonaphthalene 28 
1.2^Dimethyl-5-benzylpyrrol 183, 189 

2.6- Dimethyl-l. 4-diamino-naphthalene 
30 

1.2- Dimethy 1-5-ethyl pyrrol 183, 185 

1.1- Dimethy 1-2-ethyl pyrrolidinium 356, 
358 

1.3- Dimethylnaphthalene 143 

1.4- Dimethylnaphthalene 141, 143 

1.5- Dimethylnaphthalene 25 

2.4- Dimethylnaphthalene see 1.3-Dime- 
thylnaphthalene 

2.6- Dimethylnaphthalene 21, 23, 25, 26 

2.6- Dimethyl-naphthalenediamine (1.4) 
24 

2.6- DimethylnaphthaIene-7-sulphonic 
acid 23, 26 

2.6- Dimethyl-l-naphthol 24, 31 

2.6- Dimethyl*4-naphthoI 24, 31 

2.6- Dimethyl-7-naphthol 23, 26 
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2.6- Dimethyl-naphthylamine (7) 23 
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lene 29 
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2.6- Dimethyl-4-nitro-l-naphthol 24, 30 
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"-Dioxiines 383 
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xes of —, 193—199 
l >i-[/f-phenylethyl]*hydrazin e 280 
Diphenyl urea 538 
Diphenyl pyrrolone 82 

1.2- Dipropionyl ethane 187, 188 
Di-n-propyl-ether-3,3,3', 3'-tetracarbonic 

acid 260 

1 )i-w-propyl-ether-3.3.3'. 3'-tetracar bonic 
acid, tetramide of — 260, 269 
Disaccharides — not electro-reducible 523 
Dropping mercury kathode researches 
176, 319, 335, 444, 480, 492, 521 
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Electrodeposition 480, 492, 319, 335, 444 
Electrokinetic potential 200, 428, 453,490 
Electro-reducible anions 176, 444 
Electrolytic water transport 155, 200 
Electro-osmosis 200, 428 
Energy levels, dependence of — on the 
valency of elements 213 
Erbium 56 

Ether, diethylic, of (2-ethoxyethyl)-pro- 
pyl-ether-3', 3'-dicarbonic acid 260 
Ether, diethylic, of tetra hydropyrane- 
4-4-dicarbonic acid 259, 262 
Ether, tetraethylic, of di-x-propyl-ether- 
3, 3, 3', 3'-tetracarbonic acid 260 
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bonic acid 260 
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carboxylate 82, 83 
Ethyl aminocrotonate 83 
Ethylenediamine 33, 34 
Ethyl malonate 259, 262 
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83, 85 

3-Ethyl odadecane 538 : 541 
3-Ethyl octedecanols 538, 539 
3-Ethyl octadecene 539, 540 
Ethyl pentadecyl ketone 

F 

Fructose, electro-reduction and estim¬ 
ation, 521 
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Gadolinium 55 
/-Galacetoheptose 519 
Galactosanes 364 
Galactose 368 

(/-Galacturonic acid 500, 503 
«-d-Galaheptite 506 
/M«Galaheptite 506 
«-J-Galaheptite 506, 519 
/M-Galaheptite 506, 519 
Gallium 319 

Glucinium see Beryllium 
u-tf-Glucoheptite 506 
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/>'-d-Glucoheptite 503, 516 
Glucose 284 

Gravimetric determination by guanidine 
carbonate of titanium 412 et seq. 
Gravimetric estimation of selenium in 
selenious compounds by hydrazine 300 
et seq. 

Gravimetric estimations 1, 20, 72, 97, 
300, 412 

Guanidine carbonate 72, 97, 412 
Guanidine carbonate as reagent for 
titanium 412 
/-Gulocetoheptose 519 
«-(/-Guloheptite 506 
/>-tf-Guloheptite 506, 518 
«-/-Guloheptite 506, 519 
/>-/-Guloheptite 517, 518, 519 
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Halogen ions, hydration of-, 201 
Heptites 504, 505 

Higher valent kations, influence of — on 
reduction potentials 415 
Honey — polarographic analysis ' of 
fructose in 527 
Hydration of ions 200 
Hydrazine as reagent for selenium 300 
Hydrazine sulphate as reagent for se¬ 
lenium 300 

Hydrogen, electro-deposition of-, 335, 
480, 492 

Hydrogen overpotential 335, 480 
Hydrogen selenide 302 
A-//-Hydroxyethylenediamine 33, 34 
A'-/>-HydroxyethyI-imid-azolidone-2 34 
5-Hydroxypyrrolidones 81 
Hydroxysylvatie 89, 93, 93 
Hydroxysylvane-carbonic acid 91 

I 

2-lmino-3-/>-bromoethyloxazoIidone 32, 
34, 35 

2-lmino-3-/*-chloroethyloxazolidone 34, 
38 

2-Imino-3*/) ) -halogenoethyloxazolidones 

32 

2-Imino*3-vinyl onazolidine 32 


2-Imino-3-vinyl oxazolinium 32 
Indigo 459 

Interfacial tension of polarized mercury 
485 

Inversion of saccharose 241 
Inversion velocity — polarographic me¬ 
asurement of — 525 
Invert sugar — polarographic estim¬ 
ation 525 

Iodide ion, hydration of —, 202 
Iodoform 227, 232, 459 
Modonaphthalene 142 
2-Iodonaphthalene 143 
Ionic strength 9 
Isonipectonic acid 259, 260 

K 

Ketoses electro-reducible and non¬ 
reducible tautomers 529 
Ketoses — polarographic estimation 523 

L 

Lactone of 5-cetorhamnose 87 
Lanthanum 51, 446 

Lead, detection of in thallium salts 14S 

Lead nitrate, active 247 

Lead tellurate 247 

Levulic aldehyde 8S 

Lithium ion, hydration of —, 201 

Lutetium 56 

Lychnis Visearia, glucosides of gum of —, 
282 
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Magnesium, electrodeposition and estim¬ 
ation of —, 492 
Malonic (ethyl) ester 259, 262 
rf-Mannocetoheptose 515, 519 
«d-Mannoheptite 506, 507, 515, 519 
«-/-Mannoheptite 506 
pM-Mannoheptite 504, 506, 507, 510, 513, 
514, 516, 517, 519 
«-d-Mannoheptonic acid 509 
fi-d- Mannoheptose 510 
Mean activity coefficient 9, 125 
Methoxy-«-methane-furfurane-carbonfc 
acid see Methoxysyivane-carbonic acid 
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Methoxysyl vane-carbonic acid 87, 90, 96 
Methyl acetate, catalysis of —, 245 
Methyl alcohol 459 

5-MethyI~l-alcoylpyrrolone-(2)-carbonic 
acid 82 

; -Methylaminocapronic acid 352,353,356 
l-Methyl-2-benzyl-pyrrolidine 351, 362 
l-Methyl-5-benzylpyrrolidone-2 351, 353, 

361 

1-Methy l-2-benzyl-t,-pyrrol in e 353, 361, 

362 

l-Methyl-5-benzylpyrrolone-2 82, 84,183, 
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1-Methyl-2.5-diethyl pyrrol 183, 187 
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l-Methyl-5-ethylpyrrolidone-2 351, 353, 
356, 357 

l-Methyl-2-ethyl-T-pyrroline 352, 353, 
357 

1-Methyl-5-ethyl-pyrrolone-2 183, 185* 
186, 188, 351, 354 
'<-Methylgalactoside 365, 36S 
"-Methylgalactoside-6-bromhydrin 364, 
366, 370 

MethyM-galacturonic acid 501, 502 
MethyM-galacturonide 501, 502 
KMethylnaphthalene 140 
Methylnaphthyl-lithium 141 
Methyl p-nitrobenzoate 459 
1 -Methy 1-5-pheny 1-5-hydroxy pyrroli • 
done-2 351, 359 

1-Methy 1-2-phenyl-pyrrolidine 351, 359, 
360 

l-Methyl-5-phenyl-pyrrolidone 351, 353, 
359 

l-Methyl-2-phenyM,-pyrroline 353, 360 

1- Methyl-5-phenyl-pyrrolone-2 84, 351 
1 -Methylpyrrolone-(2)-5~acetic (ethyl) 

ester 82, 83, 85 
•V-Methylsuccinimide 82, 181 

2- Methyltriconanol 457 

2- Methyltricosane 456, 457 


2-Methyl-tricosano! urethane 458 
l-Methyl-2.5.5-triethyM ,-pyrroline 181, 
187 

Micro-analytical estimation, polarogra- 
phic, method of increasing sensitivitv 
of — 176 
— of platinum 341 

Molybdenum, volumetric and potentio- 
metric estimation of 418 
Mosandrium 49 
Mucic acid 227, 232 
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Naphthyl-lithium 140, 141 
Naphthyl-magnesium 21 
Neodymium 54 
New Books: 

“Introduction to Radioactivity” Be¬ 
ll ounek ft Heyrovsky 233 
“The Polarograph, its theory ft appli¬ 
cations” Cj. Seme ran o 234 
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si k ft Wagner 236 
“Inorganic Chemistry” J. K r e p e 1 k a 
544 

Niobium 319 

Nitrates and nitrites, electro-reduction 
and estimation of —, 444 
Nitrates, detection of — in thallium salts 
150 

P-Nitrobenzoic (methyl) ester 459 
1 -Nitro-2-methyl-naphthalene 141 

O 

Osazone of diacetyl 89 
Overpotential of hydrogen 335, 480 
Oxalene-diamide-dioxime salts of — 388 
et seq. 

copper complex salts of — 392 
nickel complex salts of — 398 
Oxalic acid 92 

Oxime of 6-cetorhamnohexonic acid 
227, 231 

Oxyphenols 531 
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Palmetic acid 541 

Paraffines higher 538 

Partial molal free energy 8, 125 

Pentadecylic acid 540 

Perseite 506, 519 

Perseulite 519 

Perseulose 519 

Phenols 531, 532 

// Phenyl ethyl alcohol 271 

// Phenyl ethyl chloride of — 271—273 

//-Phenyl ethylhydrazide of oxalic acid 

278 

//-Phenyl ethyl hydrazine, dibenzoyl pro¬ 
ducts of — 278 

//-Phenyl ethyl hydrazine 271—273 
hydrochloride 275 

//-Phenyl ethyl hydrazone of ^-galactose 

276 

//-Phenyl ethyl hydrazone of '/-mannose 

277 

//-Phenyl ethyl osazone of fructose 277 
Phenyl hydrazone of />-ceto-rt-rhamno- 
hexonic acid 230 
Phenyl isocyanate 538 
^-Phenyl levulic acid 83 
Phenyl-lithium 139 

Phenyl osazone of 3.6-anhydrogalactose 
374 

Phenyl osazone "of diacetyl 91, 95 
Phenyl-/Z-phenyl ethyl semicarbazide 279 
Phenyl-/Z-phenyl ethyl thiosemicarbazide 

279 

Philipium 49 

Phosphorus, glow of —, 69, 107 
Platinum, catalytic effect of traces of 
platinum on the evolution of hydro¬ 
gen 339 

Platinum, microanalytical estimation of 
— 341 

Polarographic studies with the drop¬ 
ping mercury kathode 176, 319, 335, 
444, 480, 492, 521 

Polonium, concentration of —, 247 
Potassium ion, hydration of —, 201 
Potassium, if-absorption edge of —, 213 
Potentiometric oxydation of molybdenum 
418 

Praseodymium 52 


Propionic aldehyde 459 
Pyrocatechin 531, 534 
Pyrrolidines 351 
2-Pyrrolidones 351 
VPyrrolines 81, 182, 351, 352 
Pyrrolones 81, S2, 181, 352 
Pyrrols-1.2.5-substituted 181 

Q 

Quaternary amine base 485, 493 

R 

Radium b\ concentration of —, 247 
Rare earth elements 49, 239 
Rare earth sulphates, determination of 
their basicity 63, 66 
Resistance in the electrolytic cell 481 

S 

Samarium 54 
Scandium 50 
u-Sedoheptite 504 
//-Sedoheptite 513, 518, 519 
Sedoheptose 513, 519 
Selenious acid 300 

Selenious compounds estimation by hy¬ 
drazine 300 

Silver electrode 129, 165, 431 
Silver ion, activity coefficients of —, 
124, 165 

hydration of —, 201 
Silver sulphate, solubilities and activity 
coefficients of —, 8 

Sodium, detection of — in thallium salts 
149 

Solubility measurements 8, 475 
Sorbose, electro-reduction of — and 
estimation 521 

Specific ionic interreaction 17 
Streaming potential 430 
Strong electrolytes 8, 124 
Strychnine nitrate 3 
Sulphate of thallium 150 
Sulphur dioxide, influence on the glow 
of phosphorus 69 
Sylvane 88 
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Talocetoheptoses 513 
a-Taloheptite 513 
Tantalum 55 
Terbium 55 

Tetrahydropyrane-4-carbonic acid 259, 
262, 263 

Tetrahydropyrane-4-4-dicarbonic acid 
259, 263 

Tetramethylamrnonium chloride 485,493 
Tetramide of dH*-propyl-ether-3.3.3'.3'- 
tetracarbonic acid 260, 269 
2.2'. 6.6-T etramethy 1-7.7'-dihy droxy- 
8.8'-dinaphthylmethane 23, 26 
Tetraphenyl pyrrolone 82 
Thallium as titration standard 145 
Thallium chloride 150 
Thallium sulphate 150 
Thorium 56 
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Titanium 319 

Titanium, separation of from aluminium 
412 

/>-Toluenesulphonchloramide 285 
2.3,4-Triacety1-6-trityl-a-methyl galacto- 
side 365, 366, 369 
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184, 190 

1.2.6- Trimethylnaphthaiene 21, 24, 25 
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2,3,6-Trimethylnaphthalene 23 
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Trim ethyl n aphthalene 

2.6.8- Trimethyl-7-naphthol 23, 26, 27 
Trinnthyl-phenylammonium iodide 459 
1.2.5-TrimethypyrroI 183, 185 
Triphenyl pyrrolone 82 

Trityl chloride 366 

V 

Valency of elements, dependence of 
energy levels on the —, 213 
Vanadium, estimation of —, 1, 319 
Vanadium, /^-absorption edge of ,214 
Vinyl amine 32 

Viscania vulgaris, gum from —, 282 
Volemite 504, 506, 506, 513 
Volemose 519 

Volumetric estimations 145, 285, 418 
Volumetric standard for acids 145 

Y 

Ytterbium 56 
Yttrium 50 
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X-Ray spectra 213 
Xylose 284 
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/M-Galaheptite 506 
«-/-Galahepute 5C6, 519 
p-lr Galaheptite 506, 519 
Gallium 319 

Glucinium, dosage pond^ral <jfcu — 97 
«-(Z-Glucoheptite 506 
p-tf-Glucoheptite 506, 516 
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Glucose 284 

Guanidine, carbonate de — 72, Q7, 412 
/-Guloc£toheptose 519 
«-d-Guloheptite 506 
«4-Guloheptite 506, 519 
/M-Guloheptite 506, 518 
ft-l Guloheplite 517, 518, 519 


H 

Halogenes; hydratation des ions d’ 
201 

Halog&iures alcalins; electroosmose dans 
les solutions de — 428 
Heptites 504, 505 
Houille a cire 531 
Hydratation d’ions 200 
Hydrate d’hydrazine 300 
Hydrazine 300 

Hydrogfene, depot eiectrolytique de P 
335, 480, 492 
Hydrogfcne selenie 302 
,V-/>-Hydroxyethyl-ethylenediamine 33,34 
A-/?-Hydroxyethyl-imidazolidone-2 34,38 
5-Hydroxypyrrolidones 81 
Hydroxyquinol£ine 1 
Hydroxysylvane 89, 93, 95 

I 

2-lmino-3-/f-bromoethyl-oxazolidine 32, 
34, 35 

2-lmino-3-/J-chloroethyl-oxazolidme 34,38 
2-Imino-3-/f-halog£no€thyl-oxazolidines 
32 

2-Imino-3-vinyl-oxazolidine 32 
2-Imino-3-viny1-oxazolinium, sel d’-- 32 
Indigo 459 

Interreaction ionique specifique 17 
Inversion, mesure polarographique de 
la vitesse d’~ 525 
lode, hydratation de Pion d’— 202 
Iodoforme 227, 232, 459 
l-Iodonaphial&ne 142 
2»Iodonaphtaldne 143 
lodures, dosage volumdtrique des — 295 
Isocyanate de ph£ny!e 538 


L 

Lactone 5-cetorhamnonique 87 
Lanthane 51, 446 

Lithium, hydratation de Pion de — 201 
Livres nouveaux: 

F. B e h o u n e k, ). Heyrovsky: 

Uvod do radioaktivity 233 
Gio vanniSemerano:ll Polaro- 
grafo, sua teoria e applicazioni 234 
B. N. Mensutkin: Chimie 235 
A. Hamsik et O. Wagner: Lekar- 
ska chemie, Cast IV. Biochemie, 
(Chimie medicale Partie IV. Bio- 
chimie) 236 

Chemicky slovnik polsko-cesky s ca- 
stecnyrn zfetelem na mathematiku, 
fysiku, geometrii a mineralogii. — 
(Dictionnaire polonais-tcheque de 
Chimie tenant partiellement compte 
des Mathematiques, de la Physi¬ 
que, de la Geometric et de la Min£- 
ralogie, par E. Votocek) 375 
Lutecium 56 

Lychnis viscaria L., gomme de — 282 

M 

Magnesium, depdt eiectrolytique et do¬ 
sage du — 492 
Malonate d’ethyle 259, 262 
d -Mannocetoheptose 515, 519 
«-r/-Mannoheptite 506, 507, 515, 519 
/>’-tf-Mannoheptite 504, 506, 507, 510, 513, 
514, 516, 517, 519 
a-/-Mannoheptite 506 
/f-tf-Mannoheptose 510 
Metaux alcalins, dep6t eiectrolytique et 
dosage des — 492 

l-M^thyl-2-benzyl-pyrrolidine 351, 362 
l-M4thyl-5-benzyl-pyrrolidone-2 351,353, 

361 

1-M^thyl-2*benzyM 2 -pyrroIine 353, 361, 

362 

l-M£thyI-5-benzyl-pyrrolone-2 82,84,183, 
389, 190, 191, 351, 360 
l-M£thyl-4-bromonaphtatene 141, 143 
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2-Methyl-4-bromo-naphta!ene 141 
2 Methyl-4-ch(oro-naphtal£ne 141, 143 
1 -Methyl-2.5- dialcoylpyrrols 181 
1-Methyl-2.5-dibenzylpyrrol 183, 192 
1 -Methyl-2.5-diethylpyrrol 183, 187 
1-MethyI-5-ethyl-2-benzylpyrro! 183, 188, 
191 

l-Methyl-2-£thyl-pyrrolidine 351, 355 
l-MethyI-5-efhyI-pyrrolidone-2 351, 353, 
356, 357 

l-Methyl-2-ethyl-P-pyrroline 352, 353 
357 

l-Methyl-5-ethyl-pyrrolone-2 183,185,186 
188, 351, 354 

«-Methylgalactoside 365, 368 
<t-Methylgalactoside-6-bronihydrine 364, 
366, 370 

MethyM galacturonide 501, 5Q^ 
1-M£thylnaphtal£ne 140 
MethylnaphtyMithium 141 
l-Methyl-5-phenyl-5-hydroxy-pyrro!i- 
done-2 351, 359 

l-M£thyl-2-phenyl-pyrrolidine 351, 359, 
360 

l-MethyI-5-phenyl-pyrrolidone 351, 353, 
359 

l-Methyl-2-phenyM 2 -pyrroline 353, 360 
l-Methyl-5-phenyl-pyrrolone-2 84, 351 

1- Methyl-pyrrolone-(2)-5-acetate d’ethyle 
82, 83, 85 

A-Methylsuccinimide 82, 181 

2- M£thyltricosane 456, 457 
2-Methyltricosanol 457 

1-Methyl-2.5.5-triethyM 2 -pyrroline 184, 
187 

Microdosage polarographique du platine 
341 

Microdosage polarographique, methode 
pour augmenter la sensibilite du — 
176 

Miel, dosage polarographique du fruc¬ 
tose dans le — 527 

Molybdfcne, dosage volum&rique du — 
418 

Molybd&ne, oxydation potentiom&rique 
du - 418 
Mosandrium 49 


N 

Naphtyl-lithium 140, 141 
Naphtylmagnesiens 21 
Neodyme 54 
Niobium 319 

//-Nitrobenzoate de methyle 459 
l-Nitro-2-rnethylnaphtalene 141 
Niveaux d^nergie; leur dependance de 
la valence des corps simples 213 

O 

Osazone de diacetyle 89 
Oxal&ne-diamide-dioxirne 3?S, 389 
sels complexes cuivriques d'~~ 392 
sels complexes de nickel d v 39S 
Oxime de 1’acide 6-cetorharnnohexoni- 
que 227, 231 

Oxydation potcntiometrique du molyb- 
dene 418 
Oxyphenols 531 

P 

Paraffines superieures 538 
Perseite 506, 519 
Perseulite 519 
Perseulose 519 

fi-Phenoethyle, chlorure de 271,272, 
273 

/>’-Ph£noethylhydrazide dibenzoique 278 
/tf-Phenoethylhydrazide oxalique 278 
//-Phenoethylhydrazine 271, 272, 273 
//-Phenoethylosazone de fructose 277 
/J-Pheno6thylhydrazone de (/-galactose 

276 

/?-Phenoethylhydrazone de (/-mannose 

277 

Phenols 531, 532 

Phenylhydrazone de Pacide 6-c^to-a- 
rhamnohexonique 230 
Phenyilithium 139 
Ph^nylosazone de diacetyle 91, 95 
Ph£nylosazone de 3.6-anhydrogalactose 
374 

Phenyl-^-pheno^thyl-semicarbazide 279 
PhenyI-/?-ph6no£thyl-thiosemicarbazide 
279 
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Phenylurethane du 3-ethyioctadecanol 
538 

Philippium 49 

Phosphore, luminescence du 69, 107 
Platine, dosage microanalytique du — 
341 

Platine, effet catalytique des traces de 
sur le degagement d’hydrogene 330 
Plomb, azotate de — actif 247 
Plumb, recherche du — dans les sels 
de thallium 148 
Plomb, tellurure de 247 
Poids atomique; determination du 
dequelqties elements de terres rares 50 
Polarographie ; etudes polarographiques 
avec la cathode a gouttes de mercure 
176, 319, 335, 444, 480, 492, 521 
Polonium, concentration du - 247 
Potassium, hydratation de I’ion de - 201 
Potassium, limite d T absorption K 213 
Potentiel dit * Strom ungspotential 430 
Potentiels de diffusion 129, 165 
Potentiels electrocinetiques 200,428,4 53, 
490 

Praseodyme 52 
Pyrocatechine 531, 534 
Pyrrolidines 351 
/I,-Pyrrol in es n, 182, 351, 352 
2-Pyrrolidones 351 
Pyrrolones 81, 82, 181, 351 
Pyrrols 1.2.5-trisubstitues 181 

Q 

Quinoleine 1 

a 

Radium F, concentration du — 247 
Resistance dans la pile llectrolytique 481 

8 

Saccharose, inversion 241 
Samarium 54 
Scandium 50 
a-SSdoheptite 504 
^S4doheptite 513, 518, 519 
Sldoheptose 513, 519 


Selenium 300 

Sodium, recherche du dans les sels 
de thallium 149 

Solubilite, mesures de — 8, 475 
Sorbose, electroreduction et dosage du - 
521 

Spectres des rayons X 213 
Strychnine 1 

Strychnine, azotate de — 3 
Sucre interverti, dosage polarographique 
du -■ 525 

Surtension de Phydrogene 335, 480 
Sylvane 88 

T 

Talocetoheptoses 513 
'/-Talohcptite 513 
Tantale 55 

Tension interfaciale du mercure polarise 
485 

Terbium 55 

Terres rares 49, 239, determination de 
labasicitc de leurs sulfates 63, 66 
Tetramethylammonium, chlorure de — 
485, 493' 

2.22 6.6' Tetramethyl-7.7 , -dihydroxy- 
8,S'-dinaphtylmethane 23, 26 
Tetramide de l’acide di-^-propyl-ether- 
3.3.3'.3'-tetracarbonique 260, 269 
Tetraphenylpyrrolone 82 
Thallium 145 

— sulfate de 150 
Thorium 56 

— chlorure de — 450 
Titane 319 

Titane, separation du — d’avec Palumi- 
nium 412 

;>-Toluenesuifonique, chloramide — 285 
Transport d’eau electrolytique 155, 200 
2.3.4-Triacetyl-6*trityl-a-methylgalacto- 
side 365, 366, 369 

1.2.2-Trimethyl 5-benzyM, pyrroline 
184, 190 

1.2.6- TrimethyInaphtaiene 21, 24, 25 

1.3.7- Trim^thylnaphtalene 23, 27 
2.3.6-Trimethylnaphtatene 23 

2.6.8- trimethylnaphtalfcne voir . " 
«trim£thylnaphtatene 
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2.6.8-Trim£thyK7-naphtol 23, 26, 27 
T rim6thy!-phenylammonium, iodure de — 
459 

1.2.5-Trimfthylpyrrol 183, 185 
Triphenylpyrrolone 82 

U 

Ur£e diphenyl^e 538 

Ur&hane du 2-m£thyl-tricosanoI 458 

V 

Valence des corps simples, dependance 
des niveaux d’£nergie de la — 213 


Vanadium, dosage du — 319 
Vanadium, limite K d’absorption 214 
Vinylamine 32 

Vise aria vulgaris, gomme de — 282 
Volemite 504, 506, 507, 513 
Vol£mo$e 519 

X 

Xylose 284 

Y 

Ytterbium 56 
Yttrium 50 
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